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It would be easier for me to list the defects and flaws

of this book rather than its merits and positive qualities.
Before putting pen to paper I knew that I would inevitably
have come to this conclusion, but I wrote the book all the
same because I enjoyed writing it, and because I hope someone
will enjoy reading it.....

Indro Montanelli,
The History of the Greeks
Rizzoli Editore, Milan 1959

This book is dedicated to the memory of Andrea Casati who we
shall always remember as the worthiest young representative
of Italian anesthesiology at the turn of the millennium.

Fernando Alemanno
Mario Bosco
Aldo Barbati
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Foreword

In the year commemorating the unity of Italy I am pleased to present
this book which in some ways epitomizes that unity over the past 150
years. The book is the fruit of the work of three authors who have
shared the by no means easy task of writing a monographic study on
brachial plexus anesthesia, a topic already expertly addressed in the past
by both Italian and non-Italian authors. Perhaps, by some curious
geographical coincidence, the authors divided the task between them
and addressed the subject matter in three sections: the topographically
higher, supraclavicular techniques were addressed by Fernando
Alemanno, resident in Alto Adige (northern Italy); the intermediate,
infraclavicular, and axillary techniques were addressed by Mario Bosco,
resident in Rome (central Italy), while the topographically lower tech-
niques, the truncular anesthesia techniques, were addressed by Aldo
Barbati of Naples (southern Italy).

An important aspect of this work is also the collaboration of many
other specialists who have devoted years of work and study to the
brachial plexus block techniques and more besides, despite each of them
continuing to practice general anesthesia, intensive care and pain ther-
apy, regarding the perfection of these techniques not as time taken away
from the study of the others, but as the possibility of integrating them
overall with a view to optimizing the results.

A great deal of importance has been attributed to the iconography.
The advent of ultrasound as applied to regional anesthesia that has
occurred over the past decade has made it possible to extend the study of
anatomy from the purely dissective realm, as pertaining strictly to the
anatomical theater, burdened with all manner of logistic and legislative
difficulties, to the virtual ‘in corpore viri’ realm of the ultrasound image
in which the scholar can compare the real, individual anatomy and all its
variants, with his or her memories of classical anatomy learnt in books
and atlases and above all in the anatomical theater. We should, in fact,
stress that the fluorescent screen of the ultrasound appliance fails to
show the minimal details that can be noted in the dissecting room, and
therefore ultrasound anatomy cannot do without a sound knowledge of
normal human anatomy.

I would like to emphasize once again that the three authors have
succeeded in demonstrating that the solving of problems not only in
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terms of content, but also in terms of organization, including not least
those in the publishing sphere, can only come about as a result of a
profitable effort of collaboration and integration on the part of the
many centers of excellence present in Italy. We are always hearing the
media talking about the ‘brain drain’ and the success Italians are
achieving abroad and would never have been able to achieve in Italy. In
my opinion, this is only partly true; the real reason for the success lies in
the basic scientific preparation of our scholars and their culture. With
these two qualities, combined with a good measure of determination and
tenacity, characteristic of Italians when they want to achieve their goals,
it is not difficult to emerge. An anonymous, yet able surgeon whose
pupil I was, on and off, at the start of my professional career, pro-
nounced the following judgement:

“Doctor, when you know your trade and know why you do things one way rather
than another, you can go wherever you like.”

It is equally true that many Italians have the defect of overrating
everything that is produced abroad and of underrating everything
produced in Italy, thus confirming the old adage that ‘no man is a
prophet in his own land’.

Regional anesthesia is a vast, continuously developing science,
because it is constantly being enriched both as a result of the discovery
of new drugs and as a result of the development of new techniques. In
parallel with the technological progress made over the last two decades,
there has been a substantial upsurge of literature in specialist and non-
specialist journals, monographic studies, and treatises regarding regio-
nal anesthesia. The present volume helps the reader to familiarize
himself with the current state of the art of the subject. Its aim is to
provide both a summary of what one needs to know and an open
window on a world no longer destined to be a domain reserved only to a
few specialists dedicated to orthopedic anesthesia, but rather the com-
mon heritage of many others who use their anesthetic skills for vascular
surgery or for reconstructive plastic surgery or surgery of the hand.

Anesthesia of the Upper Limb, first published in Italian on the occasion
of the centenary (1911-2011) of the execution of the first two types of
percutaneous brachial plexus block (Hirschel’s axillary block and Ku-
lenkampff’s supraclavicular block), presents itself as a book with an
admirable typographical layout, aimed not only at expert anesthetists,
but also at postgraduate students lacking specific know-how who have
just completed their undergraduate courses and set out on the task of
acquiring the basic knowledge indispensable for their specialist training.

A book can express two fundamental, didactic options, one more
extensive in scope and with greater in-depth detail, and the other, no less
complete, but more agile and essential. The authors of this volume have
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succeeded in producing a commendable fusion of these two qualities
and, while being fully aware that most of what they were saying had
already been written, they have often succeeded in dealing with the
various topics in a simple, laid-back manner, in such a way as to make

for enjoyable reading.

Rome Prof. Rodolfo Proietti
Director of the Postgraduate School of

Anesthesiology and Resuscitation

Catholic University of the Sacred Heart
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Preface

The second decade of the last century was a magical time for regional
anesthesia of the upper extremity. It was the period that witnessed the
advent of the four most important percutancous brachial plexus block
techniques: Hirschel’s axillary technique on July 18 and Kulenkampft’s
supraclavicular technique on October 7, Kappis posterior approach in
1912 followed by Barny’s infraclavicular approach in 1914.

The centenary of these first two percutaneous brachial plexus blocks
coincided with the publication in Italian of this monographic study,
which, in addition to tracing the evolution of the various block tech-
niques that followed the first two in the course of time, focuses on the
more modern methods, particularly with a view to their safety.

The aim of this volume is to present the fruit of a 100 years’ expe-
rience in the field of the regional anesthesia of the upper limb, it being
understood that these 100 years not only represent the historical period
dating from the execution of the first two blocks to the present day, but
also the sum total of the years of study, application, and experience that
each of the three authors has spent in this extraordinary branch of
anesthesiology.

Regional anesthesia presents indubitable advantages in almost all
branches of surgery, because it combines perfect anesthesia with long-
lasting postoperative analgesia and above all, if applied to orthopedic
traumatology, it affords the best prophylaxis of reflex sympathetic
dystrophy.

Anesthesia of the upper extremity came strongly to the fore with the
advent, on the one hand, of hand surgery and, on the other, of
arthroscopic and prosthetic surgery of the shoulder.

Particular care has been taken in the chapters on the anatomy and
topographic anatomy of the region where the brachial plexus originates
and develops, providing an adequate complement of iconographical
material, ably assisted in this by Eduard Egarter Vigl, an anatomist of
the Munich School, and Head of the Institute of Pathological Anatomy
of Bolzano Regional Hospital, famous worldwide for his studies and
research regarding the Similaun mummy. We believe, in fact, that a
sound knowledge of anatomy is fundamental for the anesthetist who has
to penetrate tissues, fascias and muscles, avoiding vessels, meninges and
serosas, despite being equipped with two important instruments such as

xiii
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electrical nerve stimulation and ultrasound. The closing decade of the
twentieth century witnessed a major revolution in electrostimulation,
which definitively supplanted the old method of paresthesias provoked
by nerve puncture. Above all, with the paresthesia system it was difficult
to establish exactly which nerve was being stimulated, even in a calm,
compliant patient. The sensation provoked was generally strong,
unpleasant, and approximate.

“Neurostimulation is a unique instrument because it clearly reveals the direct rela-
tionship between anatomy and physiology,” said Alain Borgeat, speaking about
electrical nerve stimulation as applied to the axillary block: “... neurostimulation

is a wonderful teaching tool; within two minutes you can demonstrate the triple
innervation of the thumb—abduction, radial nerve, adduction, ulnar nerve, and
opposition, median nerve. No resident will ever forget such a picture ...”

In the third millennium the great novelty consists in the use of
ultrasound guidance which, with the perfecting of the technology, is
increasingly proving to be more precise, particularly as regards its res-
olution capability. This is a technique capable of visualizing the various
nerves, which is unquestionably extremely helpful, without, however,
being able to analyze them, and this constitutes one of its limitations.
For this reason, the anesthetist is obliged to resort to the simultaneous
use of the electrostimulator, also because, in most ultrasound appliances
in use in the departments, the visualization is still two-dimensional,
which may lead to a substantial parallax error, and the resolution
capacity is not always optimal. To conclude, we agree with Admir
Hadzic when he says...

“electrostimulation and ultrasound guidance are complementary, and not two
mutually exclusive technologies”.

This book is also designed above all for a readership of young col-
leagues in the hope that it will help them to master the difficult art of
regional anesthesia, despite being applied to a limited sector of the
human body. In any event, the chapters on conscious sedation, on the
use of perineural adjuvants, and on postoperative analgesia in all its
forms are also applicable to other sectors of regional anesthesia. We
have sought to give this book a fundamentally didactic slant, with the
result that certain concepts or procedures may seem boringly repetitive
in different chapters, but this is intentional—repetita iuvant (‘repetition
helps’). We have, however, also attempted to adopt a narrative
approach in certain chapters so as to render the account simpler, more
attractive, and therefore easier to memorize. We hope that, just as we
enjoyed ourselves writing this book, so our readers will enjoy reading it.

Fernando Alemanno
Mario Bosco
Aldo Barbati
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Anatomy of the Brachial Plexus

F. Alemanno and E. Egarter Vigl

The brachial plexus is formed by the anterior
divisions (ventral rami) of the somatic nerves
C5, C6, C7, C8 and TI1. It may also receive
contributions from C4 which gives a branch to
C5 and from T2 which gives a branch to T1. If
this contribution is mainly or exclusively from
C4, the plexus is defined by Winnie as ‘pre-
fixed’, whereas when it comes largely or solely
from T2, the plexus is defined as ‘postfixed’.
Since all supraclavicular blocks are more
effective on the cranial metameres of the plexus
and may be inefficacious on the caudal ones, the
prefixed brachial plexus condition is favourable
for the purposes of shoulder surgery. Unfortu-
nately, these configurations are unpredictable.
The brachial plexus is made up of roots,
trunks, divisions and cords. When it comes to
understanding the anatomy of the brachial
plexus, that is, the disposition of its constituent
elements, by far the clearest explanation is that
provided by Testut, which we cite at some
length here below (for the sake of greater clarity,
we have taken the liberty of changing a few of
the terms used in the old nomenclature, replac-
ing them with terminology in current usage).

F. Alemanno (D)

Institute of Anesthesiology, Resuscitation and Pain
Therapy, University of Verona, Verona, Italy
e-mail: fernando@alemannobpb.it

E. Egarter Vigl
Institute of Pathological Anatomy, Bolzano
Regional Hospital, Bolzano, Italy

F. Alemanno et al. (eds.), Anesthesia of the Upper Limb,

“The five anterior rami (anterior divisions of
the spinal nerves constituting the roots of the
brachial plexus; Editor’s note), on emerging
from the intervertebral foramina and the inter-
transverse spaces, behave as follows:

The fifth cervical nerve root, descending
steeply laterally and obliquely, merges with the
sixth root at an acute angle to form a single
trunk, the upper primary trunk, which immedi-
ately splits into an upper and lower branch; the
result is a capital X on its side ().

Likewise, the first thoracic nerve root ascends
obliquely and merges with the eighth cervical
root, the direction of which is almost horizontal;
another trunk, the lower primary trunk, is thus
formed which also divides into an upper and
lower branch, producing another capital X on its
side (>), lower than the first one.

Between the two horizontal exes (><) runs the
seventh cervical nerve root, horizontally and in
isolation, as far as the level of the first rib, where
it splits into two branches, forming a sort of
capital Y on its side (<); the upper branch
merges with the upper bifurcation of the X
above, while the lower branch merges with the
lower bifurcation of the X below.

The divisions of the primary trunks unite to
form the three cords, namely the lateral, medial
and posterior cords, which emit the terminal
branches (nerves; Editor’s note) of the brachial
plexus.

DOI: 10.1007/978-88-470-5418-9_1, © Springer-Verlag Italia 2014
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Levator
scapulaes

Py

Fig. 1.1 C5, C6, C7, C8, TI: Brachial plexus roots; UT,
MT, LT upper, middle and lower trunks; SS suprascap-
ular nerve; LC, MC, PC lateral, medial and posterior
cords; A axillary (or circumflex) nerve; R radial nerve;

The above description, which is undoubtedly
simple and schematic, is the description to be
found in almost all textbooks, but is rarely
observed in anatomical preparations, the actual
anatomical make-up of the brachial plexus being
much more complicated (Fig. 1.1).

MC musculocutaneous nerve; M median nerve; U ulnar
nerve. The clavicle, first rib, anterior scalene and the
clavicular head of the sternocleidomastoid muscle have
been removed

1.1 Anatomical Disposition

and Relationships

We shall now see where and how these nerves
are placed in the cervico-thoracic area.



1 Anatomy of the Brachial Plexus

The cervical roots of the plexus, C5, C6, C7
and C8, pass behind the vertebral artery and
after settling into their specific gutter on the
respective transverse processes they are directed
downwards and laterally towards the first rib,
where they unite to form the trunks. The anterior
division of the somatic nerve T1 (thoracic root
of the lower primary trunk), on the other hand,
passes in front of the neck of the first rib and
then travels superiorly and laterally to join the
root C8 at the level of the shallow groove the
plexus itself produces in the first rib.

The trunks of the plexus are situated in the
short tract between the inner edge of the anter-
olateral part of the first rib and the anterior edge
of the clavicle. Just after emerging at the level of
the anterior edge of the clavicle, the distal
divisions of the trunks unite, as mentioned
above, to form the three cords of the brachial
plexus.

At this point, however, some further clarifi-
cation is needed: whereas the proximal branches
(roots) of the two X’s are orientated vertically,
the distal branches of the two X’s and those of
the Y (rami) descend obliquely and pass below
the clavicle in the direction of the axilla, turning
90° clockwise on the right and counterclockwise
on the left, the upper branches, thus becoming
anterior and the lower branches posterior,
respectively. In practice, on the way towards the
thoraco-coracoid groove, the upper branches of
the X’s and the Y pass in front of the lower
branches, whose position is no longer inferior
but becomes posterior.

Therefore, to form the cords, the distal
branches of the X’s and Y (the rami of the
brachial plexus) unite; the anterior divisions
(initially superior) of the upper and middle
trunks merge to form the lateral cord; the ante-
rior division (initially superior) of the lower
trunk forms the medial cord; and the posterior
divisions of the three trunks (initially inferior)
form the posterior cord (Fig. 1.2).

The lateral and medial cords supply the
innervation of the volar (or flexor) side of the
upper limb, and the posterior cord innervates
the dorsal (or extensor) side.

The cords, once formed, are located, in their
course towards the axilla, in the gutter between
the coracoid process and the first ribs of the
chest wall, covered by the pectoralis minor
muscle, where they can be reached by the vari-
ous infraclavicular block techniques.

The lateral and medial cords give rise to two
branches that merge to form the median nerve:
the lateral cord branching off to form the mus-
culocutaneous nerve directly and the medial cord
branching off to form the ulnar nerve. The pos-
terior cord, after emitting a branch that forms the
axillary nerve, terminates by forming the radial
nerve (Table 1.1 and Fig. 1.2).

The spatial configuration of the brachial
plexus can be compared to that of a right-angled
triangle, the height of which corresponds to the
line joining the five intervertebral foramina from
which its roots emerge, the base of which lies on
the plane of the upper surface of the first rib, and
the lower apex of which is situated in a position
corresponding to the axilla. At the point of
transition from the neck to the thoracic region,
the brachial plexus crosses the scalene triangle.
The latter, formed by the anterior scalene muscle
medially and by the middle scalene muscle lat-
erally, has as its base the anterolateral portion of
the first rib which is characterized by three more
or less accentuated transverse grooves, produced
by the subclavian vein (medial in relation to the
scalene triangle), more laterally by the sub-
clavian artery, and even more laterally by the
brachial plexus (both within the triangle). The
vein and artery are separated by Lisfranc’s
tubercle onto which the anterior scalene muscle
inserts. The scalene triangle can be compared to
a triangular ladder, the base of which is situated
on the anterolateral portion of the first rib and
the apex of which abuts upon the sixth cervical
vertebra. On the basis of anatomical measure-
ments we have made, the base lies at a distance
of about 4.5-6 cm from the cervical spine
according to the build of the individual
(Fig. 1.3).

At the level of the scalene triangle, the plexus
is invested by the middle cervical fascia which
also invests the carotid neurovascular bundle
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dimensional view of the spatial projection of the various
elements so we have tried to help out by adding the

toponomastics

Fig. 1.2 Schematic representation of the brachial
plexus and its terminal branches. Unfortunately, the

diagram on paper gives only a rather flattened two-



1 Anatomy of the Brachial Plexus

Table 1.1 Roots and trunks contribute to the formation of the various terminal nerves

Brachial plexus nerves
Upper primary trunk
Middle primary trunk
Lower primary trunk
Terminal nerves

Axillary nerve (deltoid m.)

Musculocutaneous nerve (biceps m.)

Median nerve (flexor carpi radialis m. and pronator muscles)

Radial nerve (triceps m. extensor muscles of the forearm and abductor

pollicis m.)

Ulnar nerve (flexor carpi ulnaris m. and adductor pollicis m.)

Medial cutaneous nerve of the forearm

Fig. 1.3 Distance of the
base of the scalene triangle
(anterolateral portion of the
first rib) from the cervical
spine. The distance ranges
from 4.5 to 6 cm (the
height of the skeleton
examined was 150 cm)

(Fig. 1.4a). Proceeding laterally, the fascia ter-
minates enveloping the omohyoid muscle. This
muscle crosses the area of the scalene triangle
with a variable disposition, sometimes being
mostly retroclavicular (Fig. 1.4c), sometimes
crossing the upper part of the triangle (Fig. 1.4a),
and sometimes lying in an intermediate position
between the two (Fig. 1.4b). The transverse
cervical artery of the scapula and the superficial
cervical artery, branches of the subclavian artery,
cross the plexus from bottom to top passing
thence into the neurovascular bundle.

C5 Co
Cc7

C8 T1

Trunks: Upper Mid Lower
C5-6

C5-6

C5-6 C7 C8

Cs-6  C7 C8-T1

C8-T1
C8-T1

On emerging from the scalene triangle, the
brachial plexus, before penetrating below the
clavicle, from which it is separated by the sub-
clavius muscle, passes above the first rib and
comes into contact with the superior digitation
of the serratus anterior muscle (Fig. 1.5).

Beneath the clavicle, the cords of the brachial
plexus, travelling in the direction of the axilla,
run in the groove bounded by the coracoid
apophysis and by the first thoracic ribs, covered
by the pectoral muscles and separated from the
shoulder joint by subscapularis muscle tendon,
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Fig. 1.4 In panels (a) and (b), the omohyoid muscle
presents a regular trend and, as in the treatises on
topographical anatomy, it divides the supraclavicular
triangle into the two omotrapezius and omoclavicular
triangles; in panel (c), the lateral belly, in contrast, is
almost hidden behind the clavicle. In panel (d), the two

which, together with the serratus anterior mus-
cle, forms the groove that accommodates the
neurovascular bundle of the axilla. Their

heads—sternal and clavicular—of the sternocleidomas-
toid muscle—have been disinserted and the muscle has
been raised to reveal the intermediate tendon and the
insertion of the medial belly of the omohyoid muscle on
the hyoid bone

anatomical disposition in the area between the
lower edge of the clavicle and the upper border
of the pectoralis minor muscle is the classic
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Fig. 1.5 Brachial plexus
resting on the superior
digitation of the serratus
anterior muscle, the
supraclavicular nerve that
traverses the muscle
horizontally, and the
phrenic nerve adhering to
the anterior scalene
muscle, medially to which
runs the vagus nerve

nerve—artery—vein disposition, proceeding in a
lateromedial direction. The posterior cord is the
deepest and most external; this is followed by
the lateral cord, the position of which is more
superficial and intermediate than that of the
other two. Lastly, the medial cord is the closest
to the artery, which becomes anterior to it at the
point where the entire neurovascular bundle
descends below the pectoralis minor muscle.

At the level of the lower border of the pec-
toralis minor muscle, the three cords give rise to
the terminal nerves of the brachial plexus.

As regards the relationships with the artery, the
latter is situated medially and slightly anterior to
the plexus in the scalene triangle, behind the
clavicle and at the infraclavicular level (in the
thoraco-coracoid groove), it is again situated
anterior to the plexus; in the axilla, it mostly
passes between the two branches that converge to
form the median nerve and then continues
posterior to the nerve.

The anastomosis with the sympathetic system
is formed by one or two ramuscules that run
from the fifth and sixth cervical nerve roots to
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the middle cervical ganglion and by another four
ramuscules that run from C6, C7, C8 and T1 to
the vertebral nerve which is an efferent branch
of the stellate ganglion. This anastomosis
explains the Bernard-Horner syndrome, one of
the most characteristic and most frequent side
effects of supraclavicular blocks.

We shall now divide the nerves arising from
the brachial plexus into two groups—collateral
and terminal.

Collateral Nerves
of the Brachial Plexus

1.2

An initial, gross topographical classification dis-
tinguishes between the collateral branches of the
brachial plexus according to whether they origi-
nate above, at or below the level of the clavicle.

In view, however, of the variable lengths of
the roots, the trunks themselves and the distal
division branches (anterior and posterior) and
the variability of the position of the clavicle
itself in relation to the first rib, depending on the
constitutional shape and size of the thorax
(which vary according to the various types of
individual, ranging from Stiller’s asthenic habi-
tus type to the weight-lifter type), we believe it
is easier to distinguish between the collateral
nerves of the brachial plexus according to
whether they arise from the roots, the trunks or
the cords.

Among those generally defined, on the basis
of the initial classification, as supraclavicular,
we therefore distinguish between those that arise
from the roots (nine in number) and those arising
from the trunks (only two). Of the latter two
nerves, only the suprascapular nerve—the most
distal—carries sensory fibres, which innervate
the shoulder.

The supraclavicular nerves are therefore
practically all motor nerves and would not
appear to play any role in sensory anesthesia,
save for the fact that it is precisely the motor
nerves that are stimulated electrically and thus
lead us to understand, as a function of the twitch
evoked, what the position of the needle tip is and
what nerve it corresponds to. Moreover, in

certain surgical procedures, as in the case of
shoulder surgery, blockade of the motor nerve
with consequent muscle relaxation is particu-
larly useful.

We shall now see, proceeding in a distal
direction, where the various nerves arise and in
which spinal metameres they originate.

1.2.1 Nerves Arising from the Roots
The first nerves arising from the roots of the
brachial plexus are all motor nerves. These are:
The collateral nerves for the longus colli muscle,
the paravertebral muscle, also innervated by the
roots of the cervical plexus (thus by C2—-C6) and
the scalene muscles: anterior (C4—C6), middle
(C3—C8) and posterior (C6-C8).

These are immediately followed by the long
thoracic nerve (C5-C6-C7) that innervates the
serratus anterior muscle and is situated posterior
to the plexus, skirting the posterior scalene mus-
cle, and then proceeds laterally, supplying a twig
to each digitation of the serratus anterior muscle.

The dorsal scapular nerve arising from C4 or
C5 and innervating the levator muscle of the
scapula (also called the angular muscle of the
scapula) and sometimes also the rhomboid
muscle; it also follows the posterior scalene
muscle in its course. When this nerve is stimu-
lated, it causes the raising of the shoulder, which
may also be erroneously interpreted as a con-
traction of the deltoid muscle. It may be stimu-
lated directly if the needle tip is in a fairly
posterior position to the plexus, or via the root
C5 in the paravertebral techniques.

The nerve of the rhomboid muscle arising
from C4 or C5.

The phrenic nerve root arising from C5 (the
phrenic nerve is formed by three roots, C3, C4
and, of course, C5).

1.2.2 Nerves Arising from the Trunks

e The nerve to the subclavius muscle (C5-C6),
which arises from the upper trunk in an anterior
direction abutting upon the anterior scalene
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muscle, runs parallel to the phrenic nerve,
which it supplies with an anastomotic branch.

e The suprascapular nerve. This nerve also arises
from the upper trunk in a posterior direction,
which, however, immediately becomes parallel
to the plexus but on a more superficial plane and
then dorsally passes below the omohyoid and
trapezius muscles, and finally inserts into the
coracoid notch, enclosed superiorly by the
transverse ligament. It innervates the supra-
spinatus and infraspinatus muscles. It is the
only nerve originating above the clavicle
endowed with sensory fibres arising from the
shoulder joint. In the supraclavicular brachial
plexus block techniques, stimulation of the
suprascapular nerve should not be regarded as
valid because after a few millimetres from its
origin it abandons the neurovascular bundle
and travels for a distance of a few centimetres
parallel to the plexus with the result that one is
much more likely to stimulate it outside rather
than inside the bundle.

1.2.3 Nerves Arising from the Cords

From the lateral cord:

1. nerve of the pectoralis major muscle, arising
from C5, C6, C7, C8, T1, is anastomosed to
the pectoralis minor nerve that departs from
the medial cord. Its direction is anterior.
From the medial cord:

1. pectoralis minor nerve, arising from C6, C7,
C8, T1, is anastomosed to the pectoralis
major nerve;

2. medial cutaneous nerve of the arm (exclu-
sively sensory), arising from C8 to T1.
From the posterior cord:

1. upper subscapular nerve, arising from C5, C6
(innervates the subscapular muscle);

2. lower subscapular nerve, arising from C8 to
T1 (innervates the subscapular muscle);

3. nerve of the dorsalis major muscle, arising
from C7, C8;

4. nerve of the teres major muscle, arising from
C7, C8.

From the topographical point of view, the
collateral nerves arising from the brachial
plexus, according to the direction they take after
their origin, can be subdivided into three groups:
anterior, posterior and inferior (or descending).

The nerves belonging to the anterior group
are three in number:

1. nerve to the subclavius muscle (arising from
the upper trunk);

2. nerve of the pectoralis major muscle (arising
from the lateral cord);

3. nerve of the pectoralis minor muscle (arising
from the medial cord).

There are seven nerves, all motor nerves, in
the posterior group:

1. suprascapular nerve (the only one endowed
with sensory fibres), arising from the upper
trunk;

2. the dorsal scapular nerve or nerve of the
levator (or angular) muscle of the scapula,
arising from the roots C4 and CS5;

3. nerve of the rhomboid muscle, arising from
the roots C4 and C5;

4. upper subscapular nerve, arising from the
posterior cord (C5-C6);

5. lower subscapular nerve, arising from the
posterior cord (C8-T1);

6. nerve of the dorsalis major muscle, arising
from the posterior cord (C7-C8);

7. nerve of the teres major muscle, arising from
the posterior cord (C7, C8).

There are only two nerves belonging to the
inferior or descending group:

1. nerve of the serratus anterior muscle or long
thoracic muscle, arising from the roots C5,
Ceo, C7;

2. medial cutaneous nerve of the arm, exclu-
sively sensory, arising from the medial cord
(C8-T1).

Terminal Nerves
of the Brachial Plexus

1.3

The six terminal nerves of the brachial plexus all
arise in the axillary cavity.
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1.3.1 The Axillary or Circumflex Nerve

(C5-C6)

This nerve is so named because it envelops the
posterolateral part of the neck of the humerus
describing a curve with anterosuperior concav-
ity. It splits off from the posterior cord at the
point where the posterior cord ends giving way
to the radial nerve. Some authors, perhaps
rightly, consider it to be a posteriorly directed
collateral branch of the posterior cord. It
accompanies the posterior circumflex artery
(branch of the axillary artery), entering a qua-
drangular space bounded by the humerus later-
ally, by the long head of the triceps brachii
muscle medially, by the teres minor muscle
superiorly and by the teres major muscle in its
lower part; it then insinuates itself between the
humerus and the deltoid muscle.

At the level of the quadrangular space
described here above, it emits two collateral
branches, namely the nerve of the teres minor
muscle (motor) and the lateral cutaneous nerve
of the arm (sensory), the latter descending
alongside the posterior border of the deltoid
muscle and going on to supply fibres to the skin
of the shoulder and the lateral surface of the arm.
The multiple terminal branches basically pro-
vide motor fibres for the deltoid muscle, but also
sensory fibres for the shoulder joint.

1.3.2 The Radial Nerve (C6-C7-C8-T1)

The radial nerve originates as the continuation or
terminal branch of the posterior cord from the
point of origin of the axillary nerve. It innervates
the triceps brachii muscle and the extensor
muscles of the forearm. The sensory component
consists in sensory fibres that supply the dorsal
and radial part of the hand, the posterior surface
of the forearm and the proximal posterolateral
part of the arm.

In the axilla, it is situated posteriorly to the
axillary artery and anteriorly to the subscapularis
muscle and to the aponeurosis of the latissimus

dorsi and teres major muscles. It descends pos-
teriorly between the triceps vastus lateralis and
vastus medialis muscles, passing behind and
around the humerus in the musculospiral groove,
accompanied by the deep humeral artery and
vein, and covered by the long head of the triceps
muscle. It then comes to rest on the anterolateral
surface of the humerus, inserting between the
anterior brachialis muscle (which remains med-
ial) and the supinator longus muscle (which
remains lateral), again accompanied by the
humeral vessels.

Collateral Branches of the Radial Nerve

The radial nerve emits eight collateral branches:

1. The medial cutaneous branch (sensory). This
branch is the first to depart from the nerve
and innervates the skin of the posterior region
of the arm as far as the olecranon process;

2. superior and inferior branches supplying the
long head of the triceps brachii muscle, from
the upper portion of the latter to the tendon
that inserts on the olecranon;

3. the vastus medialis muscle nerve, supplying
the muscle of the same name;

4. The vastus lateralis muscle nerve and the
nerve of the anconeus muscle innervating the
respective muscles. This is a fairly long nerve
that departs from the radial nerve at the level
of the spiral groove of the humerus. It
innervates the triceps vastus lateralis muscle
with its collateral branches and the anconeus
muscle with its terminal branch;

5. The dorsal and lateral cutaneous branch of
the forearm. This originates in the lower part
of the spiral groove of the humerus and
supplies the skin of the dorsal region of the
forearm as far as the carpus;

6. a thin branch supplying the anterior brachial
muscle. It is present in 75 % of cases;

7. The supinator longus muscle nerve. It origi-
nates below the previous nerve and inner-
vates the muscle of the same name;

8. the extensor carpi radialis longus nerve,
innervating the muscle of the same name.
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Terminal Branches of the Radial Nerve
Above the fold of the elbow, the radial nerve
emits two terminal branches one anterior and
cutaneous, and the other posterior (profound
muscular branch).

Anterior or Cutaneous Branch

This is the thinner of the two. Basically, it
receives fibres from C6, but also from C5 to C7.
It innervates the dorsal skin of the hand and the
first three fingers as far as the first interphalan-
geal joint.

Proceeding towards the periphery, it can be
seen medial to the supinator longus muscle and
lateral to the radial artery. After descending
beyond two-thirds of the forearm, it receives an
anastomotic branch from the musculocutaneous
nerve, travels laterally and dorsally and then
moves closer to the surface, perforating the
antebrachial aponeurosis (brachioradialis fascia)
at the level of the posterior border of the supi-
nator longus muscle, ultimately trifurcating into
a lateral branch, a middle branch and a medial
branch.

The lateral branch prolongs the direction of the
nerve from which it originates along the radial
margin of the hand, constituting the radial dorsal
digital nerve of the thumb; it emits a ramus
innervating the skin of the thenar eminence and
the abductor pollicis brevis muscle (also inner-
vated by a twig from the median nerve).

The middle branch at the level of the first
interosseous interdigital space divides to form a
lateral ramus that constitutes the dorsoulnar
digital nerve of the thumb and a medial ramus
supplying the skin of the dorsal part of the first
phalanx of the index finger.

The medial branch receives anastomotic
fibres from the ulnar nerve and then goes on to
innervate the skin of the dorsal surface of the
hand and the first phalanx of the index and
middle finger.

Posterior or Muscular or Profound Branch
This branch receives fibres from C6, C7 and
sometimes also from C8. It immediately emits the

nerve of the extensor carpi radialis brevi muscle
and then proceeds laterally and dorsally, emitting
the supinator brevis nerve that perforates the
muscle of the same name and innervates it. It
reaches the dorsal surface of the forearm,
describing a half spiral around the neck of the
radius and then inserts between the muscles of the
superficial layer and those of the deep layer,
innervating them with many branches. In this
way, the extensor digitorum muscle, the extensor
digiti minimi muscle and the anterior cubital
muscle are innervated by the dorsal branches. The
anterior branches, by contrast, proceed to the
muscles of the deep layer and, particularly, to the
abductor pollicis longus muscle, to the extensor
pollicis brevis muscle and to the extensor indicis
muscle. The posterior branch terminates finally
with the interosseous dorsal nerve of the forearm,
which is adjacent to the interosseous membrane
and is a satellite nerve of the dorsal interosseous
artery. On reaching the radiocarpal zone, it passes
beneath the dorsal ligament of the carpus together
with the tendons of extensor digitorum muscle.
Lastly, it redistributes on the back of the hand to
the radiocarpal, carpal and carpo-metacarpal
articulations and, even more distally, to the
metacarpal interosseous spaces and phalangeal
articulations.

1.3.3 The Musculocutaneous Nerve
(C5-C6-C7)

The lateral cord of the brachial plexus divides
and gives rise to the musculocutaneous nerve
and to a more medial branch that continues as
the lateral root of the median nerve.

The musculocutaneous nerve (both motor and
sensory) innervates the biceps, coracobrachialis
and brachialis muscles; it then extends down
into the forearm with only the sensory fibres that
constitute the lateral cutaneous nerve of the
forearm. In the axilla, it descends obliquely and
laterally, perforates the coracobrachialis muscle,
placing itself first between the biceps and the
anterior brachial muscle and then between the
biceps and the brachioradialis muscle. On
reaching the fold of the elbow, it becomes more
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superficial, perforating the superficial aponeu-
rosis, where, as the lateral antebrachial cutane-
ous nerve of the forearm, it supplies the lateral
surface of the forearm.

Its collateral branches emitted before perforat-
ing the superficial aponeurosis are the coracobra-
chialis nerve, the biceps nerve and the anterior
brachial nerve, innervating the respective muscles.

The only terminal branch is the lateral cuta-
neous nerve of the forearm which divides into a
dorsal and a volar branch; the terminal filaments
of the dorsal branch extend as far as the first
metacarpus and the first interosseous space. The
volar branch, on the other hand, after emitting an
anastomotic branch to the radial nerve at the
wrist, terminates, accompanying the radial
artery, at the radiocarpal articulation.

1.3.4 The Median Nerve
(C6-C7-C8-T1)

The median nerve originates from the lateral and
medial cord. These two roots straddle the axil-
lary artery and merge on its ventral surface. The
nerve then closely follows the course of the
artery when it becomes the brachial artery and
provides motor branches to the flexor and pro-
nator muscles of the forearm. It provides the
sensory innervation of the volar side of the hand
as far as the lateral sagittal half of the 4th finger,
the ulnar nerve being responsible for the medial
half of the 4th finger and the sensory innervation
of the whole of the little finger.

Thus, the lateral cord of the brachial plexus
divides and gives rise, as we have seen, to the
musculocutaneous nerve and to a more medial
branch that becomes the lateral root of the
median nerve.

The medial cord of the brachial plexus
divides and gives rise medially (as we shall see)
to the ulnar nerve and to the medial cutaneous
nerve of the forearm, and laterally to the medial
root of the median nerve.

The two roots of the median nerve, the lateral
one from the lateral cord and the medial one
from the medial cord, merge in a V shape to
form the nerve that, once formed, transforms the

V into a Y. The axillary artery lies on the
bisector of the V and posterior to it.

The position of the nerve in the arm is some-
what medial to the biceps; it runs along the border
of the latter, accompanied by the brachial artery.

At the elbow, the nerve is located medially to
the brachial artery. In the forearm, immediately
after the bifurcation of the brachial artery into
the radial and ulnar arteries, the nerve crosses
ulnar artery anteriorly, placing itself in the
middle of the volar surface of the forearm
between the flexor digitorum profundus and
flexor digitorum superficialis muscles, thus
acquiring the name of median nerve as a result
of its position.

At the level of the carpus, the median nerve is
located lateral to the flexor digitorum muscle
tendon; it then passes through the carpal tunnel,
on exiting from which it emits its terminal
branches.

Collateral Branches of the Median Nerve
Whereas, at the level of the arm, the median
nerve does not emit any collateral branches with
the exception of an anastomotic branch that
connects it to the musculocutaneous nerve, after
the elbow, it emits several collateral branches.
These are as follows:

1. the small articular branches destined to
innervate the volar surface of the elbow;

2. the nerve of the pronator teres muscle;

3. anterior muscular branches also to the pro-
nator teres muscle, to the palmaris longus and
brevis muscles and to the flexor digitorum
superficialis muscle;

4. posterior muscular branches that travel to the
flexor pollicis longus muscle and to the two
radial bundles of the flexor digitorum pro-
fundus muscle;

5. the volar interosseous nerve of the forearm
destined to innervate the flexor pollicis lon-
gus muscle, the flexor digitorum profundus
muscle and the pronator quadratus muscle;

6. the palmar cutaneous nerve which departs
from the median nerve just above the carpus,
insinuates itself between the palmaris longus
and brevis muscles and then divides into two
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cutaneous branches, one lateral to innervate
the thenar eminence and the other palmar to
innervate the middle palmar region.

Terminal Branches of the Median Nerve
The median nerve emits its terminal branches
posteriorly to the volar annular ligament of the
carpus.

These branches are six in number and, pro-
ceeding from the radius to the ulna, are desig-
nated by progressive Roman numerals, as people
used to do in the first half of the last century with
the offspring of large families:

1. The first branch is the shortest and travels
laterally, forming a concave curve superiorly.
At the level of the thenar eminence, it tri-
furcates into a branch to the abductor pollicis
brevis muscle, a branch to the flexor pollicis
brevis muscle and a branch to the opponens
pollicis muscle.

2. The second branch follows the course of the
flexor pollicis longus tendon, becoming the
radial digital nerve of the thumb.

3. The third branch, with a course similar to the
first, becomes the ulnar digital nerve of the
thumb.

4. The fourth branch, after emitting a twig for
the first lumbrical muscle, divides and forms
the volar digital nerve and the dorsal digital
nerve of the index finger.

5. The fifth branch, with a course corresponding
to the second interosseous space, after emit-
ting a twig for the second lumbrical muscle,
divides and forms the volar ulnar digital
nerve of the index finger and the volar radial
digital nerve of the middle finger.

6. The sixth branch, with a course correspond-
ing to the third interosseous space, after
receiving an anastomotic twig from the ulnar
nerve, divides and forms the volar ulnar
digital nerve of the middle finger and the
volar radial digital nerve of the ring finger.
In conclusion, the median nerve is a mixed

motor and sensory nerve. Its motor branches

innervate the muscles of the volar region of the
forearm except for the anterior cubital muscle
and the ulnar head of the flexor digitorum

profundus muscle innervated by the ulnar nerve.
At the palmar level, they innervate the first two
lumbrical muscles and the muscles of the thenar
eminence, except for the adductor pollicis mus-
cle and the medial fasciculus of the flexor pol-
licis brevis muscle, innervated by the ulnar
nerve.

The sensory fibres innervate the volar surface
of the thenar eminence, the volar surface of the
index finger and the radial half of the ring finger
and the respective dorsal parts of the third and
second phalanges.

1.3.5 The Ulnar Nerve (C8-T1)

The ulnar nerve is the major terminal continua-
tion of the medial cord, which ends immediately
after making its contribution to the median
nerve. The ulnar nerve originates from the
medial cord just below the lower border of the
pectoralis minor muscle. It innervates the ulnar
flexor muscle of the carpus, the ulnar head of the
flexor digitorum profundus muscle, and the
lumbrical muscles with the exception of the first
two. It supplies sensory fibres to the skin of the
little finger and to the medial part of the fourth
finger.

The medial cord of the brachial plexus, as we
have seen, divides and gives rise laterally to the
medial root of the median nerve, and medially to
the ulnar nerve and the medial cutaneous nerve
of the forearm.

Comparative anatomy teaches us that, in
felines and ruminants, that is, animals that
notoriously do not habitually swing to and fro on
lianas, the ulnar and median nerve are fused,
whereas, in monkeys, the ulnar nerve is more
developed than the median nerve and serves a
larger area, there being a prevalence of gripping
(a function proper to the 4th and Sth fingers),
due to these animals’ climbing habit, over pre-
hensility (a function proper to the first, second
and third fingers).

In its descent from the axilla, the ulnar nerve
follows a course parallel, but posterior to the
median nerve. At the elbow, it passes into the
olecranon fossa covered by the ligament of the
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same name. The result is that the nerve enters a
kind of osteofibrous tunnel. At this level, the
nerve is easily detectable both by palpation and
by eliciting with slightly more pressure the
characteristic paraesthesia with which everyone
is familiar. Only a few milliliters of anesthetic
suffice to block it, making sure, however, that
the needle bevel remains outside the tunnel, and
otherwise, there is a risk of ischaemizing the
nerve.

In the forearm, the nerve passes between the
flexor digitorum profundus muscle and the pro-
nator quadratus muscle, which remain posterior,
and is covered anteriorly first by the anterior
cubital muscle and then by the antebrachial
aponeurosis. At a distance of approximately ten
centimetres from the elbow, the ulnar nerve
meets the ulnar artery which then accompanies it
as far as the wrist, remaining lateral to it
throughout.

At the wrist, on the contrary, the ulnar nerve
remains anterior to the annular ligament of the
carpus, inserting itself between the pisiform and
hamate bones, again accompanied laterally by
the ulnar artery.

1.3.6 Collateral Branches of the Ulnar
Nerve

e articular branches originating at the level of
the olecranon fossa and going on to innervate
the elbow joint;

e muscular branches innervating the anterior
cubital muscle and the flexor digitorum pro-
fundus muscle;

e an anastomotic branch to the medial cutane-
ous nerve of the forearm.

The dorsal cutaneous nerve of the hand,
which originates at a distance of approximately
5 cm from the wrist, runs posterior to the ulna,
inserting itself between the latter and the tendon
of the flexor carpi ulnaris muscle. It then tri-
furcates into the dorsal ulnar digitorum nerve of
the little finger, the dorsal radial digitorum nerve
of the same finger and a twig to the dorsal skin
of the first phalanx of the ring finger.

Terminal Branches of the Ulnar Nerve

At the level of the wrist, the ulnar nerve emits its
two terminal branches: the superficial branch
and the deep branch.

Superficial Branch (Mixed)

In its course, this branch innervates the skin of
the hypothenar eminence, the palmar cutaneous
muscle and the flexor brevis muscle of the little
finger. It then divides into a medial branch,
which becomes the medial volar digital nerve of
the little finger, and a lateral branch that passes
via the fourth interosseous space, ultimately
dividing into the radial volar digital nerve of the
little finger and the ulnar volar digital nerve of
the ring finger.

Deep Branch (Motor)

This branch originates laterally to the piriform
bone and after passing medially around the
hamate bone travels towards the radius,
remaining deep in the volar region, thus forming
a large loop, from the distally disposed convex
part of which emerge the branches innervating
the hypothenar eminence (in particular, the
adductor brevis muscle, and the flexor and
opponens muscles of the little finger) as well as
twigs innervating the third and fourth lumbrical
muscles and all the interosseous muscles. The
terminal portion of the deep branch innervates
the adductor pollicis muscle and the medial
bundle of the flexor pollicis brevis muscle (as we
have already seen, the lateral bundle is inner-
vated by the median nerve).

1.3.7 The Medial Cutaneous Nerve
of the Forearm (C8-T1)

The medial cutaneous nerve of the forearm and
the medial cutaneous nerve of the arm, often a
collateral branch of the former, originate from
the medial cord, the former as a terminal nerve
and the latter as a collateral branch. These are
sensory nerves whose course runs parallel and
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posterior to the ulnar nerve. The medial cuta-
neous nerve of the forearm innervates the medial
part of the forearm as far as the wrist. The
medial cutaneous nerve of the arm innervates the
medial part of the arm and is the most caudal
nerve of the brachial plexus, running and resting
upon the surface of the first fasciculus of the
serratus anterior muscle.

The medial cutaneous nerve of the forearm
originates from the medial root of the median
nerve and therefore from the medial cord of the
brachial plexus. It immediately assumes a pos-
terolateral position in relation to the axillary
artery. It arises from the superficial fascia of the
arm at the point where the basilic vein perforates
the fascia to become the axillary vein, that is,
approximately between the lower two-thirds and
the upper third of the arm.

At the same level, the medial cutaneous nerve
of the arm arises, innervating the skin of the
medial surface of the arm as far as the elbow.

Just before the epitrochlea, the medial cuta-
neous nerve of the forearm divides into a pos-
terior and an anterior branch. The posterior
branch innervates the dorsal skin of the ulnar
region as far as the wrist. The anterior branch
divides into several branches that enter into
contiguous relationships with the basilic vein
and then distributes progressively distally to the
skin of the anteromedial region of the forearm as
far as the wrist.

The medial cutaneous nerve of the arm often
originates independently of the two confluent
branches departing from C8 to T1 and then
anastomoses with the intercostobrachial nerve
from T2.

Contribution of the Intercostal
Nerves to the Brachial Plexus

14

Generally speaking, a thoracic spinal nerve, once
formed, divides at its origin into a posterior divi-
sion, which serves the dorsal muscles, and an
anterior division that forms the actual intercostal
nerve. The latter, among the various collateral
branches, emits lateral cutaneous branches and
anterior cutaneous branches, both of which have a

sensory function. The lateral cutaneous branches
of the first and second intercostal nerves contrib-
ute sensory fibres to the brachial plexus.

The first intercostal nerve is relatively thin in
that it mostly contributes to forming the lower
primary trunk of the brachial plexus. It is
apparently devoid of the lateral cutaneous
branch because its sensory fibres have been
redirected to forming, in succession, the lower
primary trunk, the medial cord of the plexus and
the medial root of the median nerve, from which
the medial cutaneous nerve of the forearm
originates.

The lateral cutaneous branch of the second
intercostal nerve, instead of innervating the
thoracic skin, enters the axilla where it is called
the intercostobrachial nerve, also forming an
anastomosis with the medial cutaneous nerve of
the arm; sometimes another anastomotic branch
connects it to the caudal root of the lower pri-
mary trunk formed by the first thoracic nerve.
Lastly, with its terminal twigs, it supplies the
skin of the medial region of the arm.

The third intercostal nerve, with its lateral
cutaneous branch, may also make an anastomotic
contribution to the intercostobrachial nerve. For
the above reasons, the second and third inter-
costal nerves have been, respectively, named the
first and second intercostobrachial nerves.

Connections
with the Sympathetic System

1.5

The brachial plexus is connected to the cervical
sympathetic chain via two grey rami communi-
cantes, which run from C5 and C6 to the middle
cervical ganglion and via another four rami,
which run from C6, C7 and C8 and from the
white ramus communicans of T1 to the stellate
ganglion. All these are therefore afferent bran-
ches (to the ganglion). The efferent branches
from the middle cervical ganglion are the thy-
roid branches that form the thyroid plexus
around the inferior thyroid artery, the cardiac
branches that form the middle cardiac nerve
(cardioaccelerator) and the anastomotic branch
to the inferior laryngeal nerve (recurrent nerve).
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A first group of efferent nerves from the
stellate ganglion follows the vessels and supplies
the upper limb.

A second efferent group forms the so-called
vertebral nerve or, better, vertebral plexus, fol-
lowing the artery of the same name and insinu-
ating itself with its branches in the foramina of the
transverse processes of the cervical vertebrae.

A third group, with an inferomedial course,
forms the inferior cardiac nerve (cardioacceler-
ator) after connecting via an anastomosis to the
middle cardiac nerve.

This should come as no surprise because in
the embryo, the heart is originally located in the
cervical region and only later migrates into the
thorax followed by its own innervation.

This anatomical disposition may contribute to
the onset of Bezold-Jarisch syndrome in the
eventuality of involvement of the cardiac nerves
in brachial plexus block.

The white ramus communicans that runs from
T1 to the stellate ganglion also carries the motor
fibres that innervate the ciliary muscle of the iris,
and the thin muscular fibres of Tenon’s capsule
and the tarsus palpebrae. These fibres originate
from the lateral column of the spinal cord, enter
the first thoracic nerve and then, via the white
ramus communicans, reach the stellate ganglion
and go on, via the intermediate sympathetic
longitudinal cord, to reach the eyeball. This
explains the onset of Claude Bernard-Horner
syndrome in cases of blockade of the sympa-
thetic component. In this syndrome, palpebral
ptosis is due to plegia of the tenuous smooth
muscle fibres of the tarsus palpebrae, which
leads to a reduction in the palpebral rim; miosis
is due to plegia of the ciliary muscle, and
enophthalmos is due to plegia of the tenuous
smooth muscle fibres of Tenon’s capsule which,
inserting on the circumference of the eyeball and
wrapping themselves around it, no longer
maintain ocular tension.

On the contrary, in case of hyperthyroidism,
sympathetic hypertone gives rise to an increase
in the tension of Tenon’s capsule and the tarsal
fibres with consequent exophthalmos.

Peripheral neurosurgical procedures have
demonstrated that the second and third thoracic
ganglions contribute to the sympathetic innerva-
tion of the upper limb. In fact, when these gan-
glions are removed thoracoscopically, stable
results may be achieved in the treatment for
various ischaemic diseases of the upper limb or in
the case of axillary and/or palmar hyperhydrosis.

Also of interest are the anatomical relation-
ships of the paravertebral sympathetic chain.
The latter lies on the deep (or paravertebral)
cervical fascia in a medial position in relation to
the anterior tubercles of the transverse processes.
Actually, it is the paravertebral fascia itself
which splits and endows the sympathetic chain
with a tenuous investing layer; at the cervical
level, it is covered by the carotid artery, the
internal jugular vein and the vagus nerve which
constitute the neurovascular bundle of the neck
and lastly by a muscular plane consisting basi-
cally in the sternocleidomastoid muscle. The
posterior border of this muscle affords the most
direct access route to the sympathetic chain,
although the simplest access technique is
Moore’s two-finger technique, applied at the
level of the anterior border of the muscle.
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Topographical Anatomy
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2.1 The Supraclavicular Region
The supraclavicular region has a triangular shape,
and for this reason, it is also called the supracla-
vicular triangle, bounded by the sternocleido-
mastoid muscle, the trapezius muscle and
anteriorly by the clavicle. The latter is a long,
relatively flattened bone, that connects the scap-
ula via the acromial process to the manubrium
sterni. It presents a double curvature, one curve
medial and anteriorly convex, and the other lat-
eral and posteriorly convex which gives it the
appearance of a capital S on its side, or a kind of
‘chicane’, whose point of transition from one
curve to the other corresponds approximately to
its midpoint. The upper surface, which is fairly
flat laterally, becomes more rounded in the
medial portion; it is covered by skin, by the pla-
tysma muscle and by the supraclavicular nerves,
which are sensory branches of the cervical plexus.
The clavicle is fairly smooth in its middle
part and presents rough areas at the ends for the
insertion of the deltoid and trapezius muscles
laterally and the clavicular head of the sterno-
cleidomastoid muscle medially. The underside
presents a rough surface for the insertion,
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proceeding mediolaterally, of the costoclavicu-
lar ligament, the subclavius muscle and the two
coracoclavicular ligaments (conoid and trape-
zoid). In the middle part of the lower surface,
there is a foramen for the nutrient artery of the
bone. The anterior edge is the insertion site for
the pectoralis major muscle medially and the
deltoid muscle laterally. As stated above, the
posterior edge and the upper surface of the bone
are the insertion sites for the clavicular head of
the sternocleidomastoid muscle medially and the
trapezius and deltoid muscles laterally. The
middle portion of the posterior edge is connected
anatomically with the lateral belly of the omo-
hyoid muscle, with the scalene muscles and with
the subclavian artery and vein.

The posterior convexity of the lateral portion
of the clavicle is modelled by the combined lin-
ear forces produced by the trapezius and deltoid
muscles. The anterior convexity of the medial
portion, on the other hand, is modelled by the
linear force of the pectoralis major muscle,
poorly contrasted by the linear force of the cla-
vicular head of the sternocleidomastoid muscle.

Like all the long bones of the body, the
clavicle presents two apophyses and a diaphysis.
Of these, only the diaphysis is part of the
supraclavicular region.

The supraclavicular region may take on the
appearance of a groove lying right behind
the clavicle, and for this reason, it is called the
supraclavicular groove or fossa. Its size is
inversely proportional to the subject’s muscular
development. It is fairly deep in thin people, but

DOI: 10.1007/978-88-470-5418-9_2, © Springer-Verlag Italia 2014



20

F. Alemanno and E. Egarter Vigl

may be very small if the musculature is well
developed, to the point, in fact, of becoming
almost virtual if hypertrophic trapezius and
sternocleidomastoid muscles come into contact
with one another.

If the subject turns his head towards the
opposite side examined and his arm is pulled
downwards, the lateral apophysis of the clavicle
rotates slightly downwards, the fossa becomes
shallower, and the organs it contains become
more superficial. On the other hand, when the
head is bent downwards and turned slightly
towards the side being examined, the muscles
relax and it proves easier to palpate the region,

Fig. 2.1 Superficial
planes of the
supraclavicular region

thus detecting the pulse of the subclavian artery
and sometimes, medially to the latter, also the
Lisfranc’s tubercle, at the point of insertion of
the anterior scalene muscle.

2.1.1 Superficial Planes

of the Supraclavicular Region

The superficial planes of the supraclavicular
region are constituted by the skin and, only in its
anterior inferomedial part, by the platysma,
whose tenuous bundles, contained in a splitting
of the superficial cervical fascia, insert in the
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dermis. The subcutaneous connective tissue may
be abundant or scarce (Fig. 2.1).

Ata deeper level, the superficial cervical fascia,
after splitting to enclose the sternocleidomastoid
muscle and the thin fibres of the platysma, reunites
to invest the posterior portion of the supraclavic-
ular fossa and then splits again, on coming into
contact posteriorly with the anterior border of the
trapezius muscle. Superficial nerves and vessels
are also present. The nerves are almost exclusively
sensory; only the platysma is served by motor
muscles. The small-calibre arteries are branches of
the superficial cervical artery or the suprascapular
artery. The small-calibre veins, which are extre-
mely variable, converge on the external jugular
vein. A thin layer of areolar adipose tissue sepa-
rates the middle cervical fascia from the superficial
cervical fascia; this layer accommodates the path
of the external jugular vein. This vein, almost
always visible at first sight or when palpating the
subclavian artery (Fig. 2.2), is characterized by
considerable variability.

The external jugular vein is formed by the
confluence of the superficial temporal vein and
the internal maxillary vein; it descends approx-
imately along the line that runs from the angle of
the mandible to the midpoint of the clavicle; it
crosses the sternocleidomastoid muscle obli-
quely and then perforates the middle cervical
fascia at the level of the medial angle of the
supraclavicular triangle (formed by the anterior
border of the trapezius muscle, by the posterior
border of the sternocleidomastoid muscle and
bounded in its lower part by the posterior edge
of the clavicle) (Fig. 2.4); it then passes anteri-
orly to the anterior scalene muscle and finally
merges into the subclavian vein laterally to the
confluence of the latter with the internal jugular
vein. The middle cervical fascia at this point
may appear to be reinforced by Dittel’s falci-
form fold; this closely resembles the same ana-
tomical disposition that exists at the point where
the saphenous vein joins the femoral vein.

During its course, the external jugular vein
receives numerous tributaries, the most impor-
tant of which—because they are to be found in
the context of the omoclavicular triangle
(Fig. 2.4)—are the transverse scapular vein and

L

Fig. 2.2 External jugular vein is evident, compressed by
the anesthetist’s index finger in the act of detecting the
pulse of the subclavian artery

the transverse cervical vein, corresponding to
the respective arteries of the same name.

The external jugular vein has been proposed
by Rucci as an alternative landmark if the pulse
of the subclavian artery is not detectable.
Sometimes, it may be absent or double, in which
case the indication may be misleading, in that
the anesthetist does not know which of the two it
refers to.

2.1.2 The Sternocleidomastoid Muscle

The sternocleidomastoid muscle (SCM) is the
most evident muscle in the neck region. Its
shape is roughly rectangular, and in actual fact,
the muscle consists of two overlapping muscular
branches or heads, the sternal and the clavicular
head (Fig. 2.3).
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Fig. 2.3 On removing the
platysma, the anatomical
pathologist exposes the
sternal and clavicular
insertion of the
sternocleidomastoid
muscle. Note that the
omohyoid muscle is partly
hidden behind the clavicle

Proceeding upwards, the sternal head becomes
broader and at the same time thinner and then
inserts on the lateral surface of the mastoid pro-
cess and on the lateral margin of the upper nuchal
line. Contraction of the muscle causes the sub-
ject’s head to rotate towards the opposite side.
The clavicular muscular head, which is deeper,
inserts on the medial fourth of the clavicle and
mainly runs below the sternal head, mostly
attaching itself to the apex and anterior margin of
the mastoid process; less often, following the
muscle bundles of the sternal head, it inserts, like
the latter, on the lateral margin of the upper
nuchal line. Contraction of this muscle causes the
ipsilateral flexion of the head of the body.

In the classic rheumatic torticollis syndrome,
it is mostly only the superficial sternal muscular
bundle that is involved, that is, the one that
inserts on the manubrium sterni.

The sternocleidomastoid muscle is situated
below the platysma which, however, does not
cover the more distal part of the sternal head or
the upper third of the muscle. Immediately
below the platysma, the superficial cervical
fascia, on reaching the level of the sternoclei-
domastoid muscle, splits in order to envelop it.
The sternocleidomastoid muscle therefore pre-
sents an external surface, mostly covered by the
platysma or by the skin, and an internal surface
that is in relation to the intermediate portion of
the omohyoid muscle, with the middle cervical
fascia, with the common carotid artery, with the
internal jugular vein, with the vagus nerve and,
deeper down, with the cervical sympathetic
chain. It presents an anterior and a posterior
border. The latter is an important landmark for
the anesthetist because behind it lies the bran-
ches of the superficial cervical plexus.
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The superficial cervical fascia, which adheres
reasonably well to the muscle in the paramastoid
region, adheres less effectively to the rest of the
muscle on proceeding distally, mainly taking on
the function, above the omohyoid muscle, of
investing the neurovascular bundle of the neck
(carotid artery, internal jugular vein and vagus
nerve).

On the posterior plane of the sternocleido-
mastoid muscle and the superficial cervical fas-
cia, proceeding from the omohyoid muscles on
both sides, and anterior and inferior to the latter,
a musculo-aponeurotic plane can be seen,
formed by the two omohyoid muscles and the
middle cervical fascia. This structure, with its
trapezoidal appearance, has the hyoid bone as its
upper base, the clavicles and the sternum as
its lower base, and the two omohyoid muscles as
its sides. The middle cervical fascia, after
enveloping the posterior margin of the two
muscles, terminates at this point.

The innervation of the sternocleidomastoid
muscle is supplied by the accessory nerve and
the third cervical somatic nerve.

Below the superficial planes described, we
find two very important anatomical elements,
namely the omohyoid muscle and the middle
cervical fascia; on removing, the latter the neu-
rovascular bundle of the neck is revealed (car-
otid artery, internal jugular vein, vagus nerve).

2.1.3 The Omohyoid Muscle

The omohyoid muscle (or scapular hyoid mus-
cle) is a muscle composed of two muscle bellies,
one superior (or anterior) and the other inferior
(or posterior or lateral), separated by an inter-
mediate tendon, which create an anteromedially
convex arch. The middle cervical fascia extends
between the omohyoid muscles on either side
and is delimited by them.

The upper belly inserts on the lateral portion
of the hyoid bone and on its greater horn. The
lower belly inserts on the upper edge of the

scapula close to the coracoid notch; it traverses
the lower part of the supraclavicular triangle
(formed by the posterior border of the sterno-
cleidomastoid muscle, by the anterior border of
the trapezius muscle and by the posterior edge of
the clavicle), dividing the supraclavicular trian-
gle—in a highly variable manner positionally—
into two other triangles, one larger, posterior
triangle also known as the omotrapezoid triangle
(of little importance for our purposes), and a
smaller anteromedial triangle, also known as the
omoclavicular triangle (Fig. 2.4). The latter is
bounded by the lower border of the omohyoid
muscle, by the posterior border of the sterno-
cleidomastoid muscle and by the posterior edge
of the clavicle. This second triangle is much
more important because it corresponds to the
neurovascular bundle of the supraclavicular
fossa (brachial plexus, subclavian artery).

Occasionally, the omoclavicular triangle
proves to be virtual, as the omohyoid muscle is
partly hidden behind the clavicle (Fig. 2.3). In
this case, the muscle needs to be removed if the
anatomical pathologist wishes to expose the
neurovascular bundle or displaced by the sur-
geon attempting to reach the subclavian artery.

In the supraclavicular region, the omohyoid
muscle is normally to be found below the pla-
tysma and in turn covers the scalene triangle.

Both the muscle bellies are innervated by the
descending branch of the hypoglossal nerve
which, after anastomosis to the descending
branches of C1, C2 and C3 to form the hypo-
glossal nerve loop, thus supplies them with
innervation from the anterior divisions of the
first three cervical nerves.

The function of the omohyoid muscle is
unclear, as is the significance of the intermediate
tendon. A hypothesis has been advanced, not
shared by all, that contraction of this muscle
may increase the radius of curvature of its arch,
thus subjecting the middle cervical fascia to
tension and keeping the large veins of the neck
open and so favouring blood leakage during
inspiration. As far as the intermediate tendon is
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Fig. 2.4 Supraclavicular
triangle is divided by the
omohyoid muscle into the
respective omotrapezoid
and omoclavicular
triangles, the latter being
particularly interesting
anesthesiologically.
Posterior to the omohyoid
muscle, in the
omotrapezoid triangle, we
note the upper digitation of
the serratus anterior
muscle, the middle scalene
muscle, and the levator
scapulae muscle

concerned, its significance may have to do with
some ancestral aponeurotic reinforcement at the
intersection of the first cervical rib.

2.1.4 The Scalene Triangle
and Surrounding Area

When the omohyoid muscle and the middle
cervical fascia are removed, the supraclavicular
fossa is visible with its irregular and poorly
defined walls, revealing the true characteristic of
this anatomical entity, namely that of actually
being a transition zone between the chest, neck
and upper limb, via which transit vessels running
from the chest to the neck and upper limb, and
others that run from the neck and upper limb to

the chest, and nerves travelling from the neck to
the upper limb and chest, all of which endowed
with lymph nodes, loose cellular tissue and
adipose tissue.

The supraclavicular fossa is triangular and
pyramidal in shape; its base coincides with the
superior aperture of the thorax and the plane of
the upper surface of the first rib. From its pos-
teromedial border, and above it, the series of
transverse processes of the cervical vertebrae
constitutes the medial dihedral angle of the
pyramid. It is from this angle that the two
walls—medial and posterior—of the pyramid
depart, formed, respectively, by the anterior
scalene muscle and the middle scalene muscle.
The lateral wall is formed by the skin, subcuta-
neous areolar tissue, platysma, superficial
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cervical fascia, omohyoid muscle and middle
cervical fascia.

The base of this pyramid, as we have said,
consists in the transverse plane corresponding to
the upper surface of the first rib and the first
thoracic vertebra. At its lateral apex, the base
dwindles, without any very precise outline, and
merges into the apex of the armpit. Nor could this
be otherwise, in view of the fact that the lateral
apical zone constitutes an area of transition for
all the neurovascular elements of the upper limb.

The first rib bounds the superior aperture of
the thorax, occupied by the apex of the lung and
by the pleural dome with its suspensory system
(Zuckerkandl’s membrane) consisting of tenu-
ous fibromuscular bundles.

On upper surface of the first rib two gutters
and a shallow track can be noted. Of the two
gutters, the posterior one has been excavated by
the subclavian artery, and the shallower, anterior
one by the subclavian vein. They converge in the
vicinity of the lateral edge of the rib, while, in
the vicinity of the medial edge, they are sepa-
rated by the Lisfranc’s tubercle which consti-
tutes the caudal osseous insertion of the anterior
scalene muscle. The track, which is shallower
than the two gutters and positioned posterior to
them, is produced by the brachial plexus.

The point where the trapezius, levator scap-
ulae and sternocleidomastoid muscles unite is
the apex of the pyramid described above. At this
same point, the superficial cervical fascia fuses
with the deep cervical fascia.

The contents of the supraclavicular fossa
consist of vessels, lymphatic vessels and con-
nective tissue.

The subclavian artery is the most represen-
tative vessel. On the right side of the body, it
originates from the brachiocephalic trunk or
innominate artery, corresponding on the surface
of the body to the sternoclavicular joint; on the
left side of the body, it arises directly from the
aorta, corresponding on the skin to the upper
surface of the clavicle, at a distance of three
centimetres lateral to the sternoclavicular joint.

The subclavian artery presents a prescalene
portion (situated medial to the scalene muscles)
which travels upwards from its origin anteriorly

and laterally and surrounds the pleural dome

before crossing the first rib; at this point, its

imprint is immediately visible lateral to the

Lisfranc’s tubercle (interscalene portion); it then

passes below the clavicle (clavicular portion)

where it changes its name, becoming the axillary
artery. Seven collateral arteries arise from the
subclavian artery:

e the vertebral artery and the inferior thyroid
artery with an ascending course;

e the internal mammary artery and the supreme
intercostal artery with a descending course;

e the deep cervical artery with a posterior
course towards the nape of the neck;

e the suprascapular artery and the transverse
artery of the neck, which are of specific
interest to us, present a lateral course crossing
the supraclavicular fossa and then travelling
towards the scapula. The suprascapular artery
passes close to the posterior margin of the
clavicle at a distance of about half a centi-
metre from it; the transverse artery of the
neck, of fairly large calibre, crosses in front of
the brachial plexus and often in front of or
between its cords. It is the transverse cervical
artery, in addition to the subclavian artery
from which it originates, that may be exposed
to puncture and the source of haematoma
formation in supraclavicular brachial plexus
block techniques.

As regards the relationships of the subclavian
artery at the interscalene level, it occupies the
medial angle of the scalene triangle (Fig. 2.5),
separated medially from the subclavian vein by
the interposition of the anterior scalene muscle. It
is in relation to the phrenic nerve which runs
adhering to the surface of this muscle before
penetrating into the thorax. Posterolaterally, it is
in relation to the brachial plexus. It is also in
relation to the external jugular vein which, before
blending into the subclavian vein, passing in front
of or laterally to the anterior scalene muscle,
crosses the artery perpendicularly. It is also in
relation to the structures that invest the supra-
clavicular fossa, with the middle cervical fascia,
with the omohyoid muscle, with the superficial
cervical fascia, with the platysma, with the
subcutaneous areolar tissue and with the skin.
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2.1.5 The Scalene Muscles

Despite the name, these muscles have nothing to
do with a ladder (Italian ‘scala’), since the name
derives etymologically from the Greek
‘orainvég’ which means unequal. There are
three scalene muscles—anterior, middle and
posterior—which connect the first two ribs to the
cervical vertebrae.

The Anterior Scalene Muscle

This muscle inserts cranially on the anterior
tubercles of the transverse processes of the sixth,
fifth, fourth and third cervical vertebrae. These
four heads unite to form the actual muscle body
that inserts on the Lisfranc’s tubercle at the level
of the upper surface of the first rib. The anterior
scalene muscle is in relation medially to the
subclavian vein which is separated from the
subclavian artery precisely by the insertion of
the muscle. The subclavian artery is situated
laterally to the muscle and separates it from the

Fig. 2.5 Right brachial plexus. To enhance its visuali-
zation, the subclavian artery has been suspended by a
thread. To be noted medial to it is the anterior scalene
muscle and laterally the lower trunk of the brachial
plexus. On the border between the anterior scalene and

brachial plexus despite the close contiguity of
the two (Fig. 2.5).

The phrenic nerve, adhering in its upper part
to the lateral surface of the muscle, then to its
anterior surface and lastly to its medial border,
before penetrating into the thorax, traverses it
obliquely in a lateromedial downward direction.
The anterior scalene muscle, moreover, is also in
relation to the lateral belly of the omohyoid
muscle which traverses it at various levels—the
position of the muscle being extremely vari-
able—before disappearing with its intermediate
tendon beneath the sternocleidomastoid muscle.

The Middle Scalene Muscle

This muscle inserts on the posterior tubercles of
the transverse processes of the last six cervical
vertebrae and on the posterior borders of their
respective grooves (from which the somatic
nerve emerges). Its insertion on the first rib is
not as characteristic as that of the anterior sca-
lene muscle, but consists in a rough area located

(R N

the sternocleidomastoid muscle, we see the phrenic nerve
adhering to the anterior surface of the anterior scalene
muscle. At the level of the middle scalene muscle, the
suprascapular nerve is visible, severed during the
dissection
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on the upper surface of the rib, posteriorly to the
shallow track produced by the brachial plexus
and to the gutter produced by the subclavian
artery. As a variant, it may also insert on the
second rib.

The middle scalene muscle is fundamentally
in relation to the anterior scalene muscle, toge-
ther with which it bounds the scalene triangle,
formed by the two scalenes, which splay out
lower down at an acute angle, with the first rib as
the base. The brachial plexus, which crosses the
triangle in the direction of the axilla, is separated
from the anterior scalene muscle by the inter-
position of the subclavian artery and as a result
is closer to the middle scalene muscle (Fig. 2.5).

The Posterior Scalene Muscle

Situated posterolaterally in relation to the mid-
dle scalene muscle, the posterior scalene muscle
inserts cranially on the posterior tubercles of the
transverse processes of the fourth, fifth and sixth
cervical vertebrae, and sometimes from the fifth
to the seventh. It then travels downwards, lat-
erally and posteriorly to the middle scalene
muscle, passing above the first rib and going on
to insert in a rough portion of the edge of the
second rib (Fig. 2.6).

It may often be fused with the middle scalene
muscle, with which it appears to form a single
body, despite dividing caudally into two bundles
that insert, the anterior one on the first rib, and
the posterior one on the second rib.

The posterior scalene muscle enters into a
relationship dorsally with the levator scapulae
muscle, while its costal insertion is covered by
the first two digitations of the serratus anterior
muscle.

Innervation

The anterior and middle scalene muscles are
innervated by thin nerve branches stemming
from the anterior divisions of the third, fourth,
fifth and sixth cervical nerves. The posterior
scalene muscle is innervated by thin nerve fila-
ments stemming, instead from the posterior

divisions of the third, fourth, fifth, sixth and
seventh cervical nerves.

2.1.6 The Shoulder Muscles

The muscular apparatus of the shoulder girdle is
notoriously composite and complex; numerous
muscles contribute to its stability and its func-
tions. These muscles, in the eventuality of
arthroscopic surgery under regional anesthesia,
are not always adequately relaxed when they are
not voluntarily activated by the patient, possibly
in an attempt to change what may be an
uncomfortable position. This may create diffi-
culties for the surgeon. Moreover, a number of
these muscles, if stimulated outside the neuro-
vascular bundle, move the shoulder, simulating
contraction of the deltoid muscle and creating
the illusion of stimulating the brachial plexus.

But let us proceed in an orderly fashion,
describing here below the most important mus-
cles and their innervation.

The Deltoid Muscle

The deltoid muscle, triangular in shape, envel-
ops the shoulder joint externally, inserting, from
front to back, on the lateral third of the clavicle,
on the acromion and on the scapular spine.
These distinct bundles, converging laterally and
inferiorly, insert on the deltoid tuberosity of the
humerus.

It is innervated by one of the terminal bran-
ches of the brachial plexus, the axillary or cir-
cumflex nerve (C5-C6). The function of the
deltoid muscle is to raise the upper limb and
abduct it. With its action alone, however, the
arm would never be raised above the horizontal
plane. The raising of the upper limb is due to the
scapula and to its muscles, which, with a rota-
tory movement, anteriorize the inferior angle
and raise the lateral angle, that is, the glenoid
cavity. The twitch of the deltoid muscle, in
addition to that of the biceps and triceps mus-
cles, is optimal for brachial plexus blocks per-
formed for shoulder surgery.
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Fig. 2.6 Enigma as to whether the posterior scalene
muscle exists as an entity in itself or whether it is fused
with middle scalene muscle, in which case the term
‘posterior scalene muscle’ is used to refer to the two
fused muscles as a single muscle, can be clarified with
the wisdom of Solomon by saying that the two muscles
are mainly fused in their cranial part but separated in
their caudal part, so that each reaches its own point of
insertion, that is, the first rib in the case of the middle
scalene muscle, and the second rib in the case of the
posterior scalene muscle. Nevertheless, there are many

The Rotator Cuff

There are four muscles that form the rotator cuff:
the supraspinatus, infraspinatus, subscapularis
and teres minor muscles. They constitute the
‘roof” of the glenohumeral joint.

cases in which they remain separated throughout their
entire course from the insertion on the transverse
processes as far as their respective costal insertions.
The two muscles, though adhering to one another, are
separated by their respective perimysial sheaths. More-
over, the innervation itself separates them, the middle
scalene muscle, like the anterior scalene muscle, being
innervated by the anterior branches of the cervical
nerves, whereas the posterior scalene muscle is inner-
vated by the posterior branches of the same nerves

The Supraspinatus Muscle

It extends from the supraspinatus fossa of the
scapula to the head of the humerus. It inserts
medially on the periosteum of the fossa of the
same name and then passes beneath the
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acromioclavicular joint to insert finally on the
greater tuberosity of the humerus (trochite). In
its proximal part, it is covered by the trapezius
muscle. It is innervated by the suprascapular
nerve. Its arm-raising action is similar to that of
the deltoid muscle. Moreover, it draws the head
of the humerus towards the glenoid cavity of the
scapula, at the same time slightly rotating the
arm externally.

The Infraspinatus Muscle

Situated on the posterior surface of the scapula,
this muscle presents a greater consistency and
power than the previous one. It inserts on the
medial part of the infraspinatus fossa and
extends towards the glenohumeral joint, the
muscle dividing into three bundles, the upper,
middle and lower bundles, which converge on
the joint itself. Here, it inserts on the greater
tuberosity of the humerus (trochite). It is inner-
vated by the suprascapular nerve. This muscle,
too, draws the head of the humerus towards the
glenoid cavity and imparts a slight external
rotation movement to the arm.

N.B. If the suprascapular nerve is stimulated
electrically, with consequent contraction of the
supraspinatus and infraspinatus muscles, this
sets the shoulder in motion by simulating con-
traction of the deltoid muscle. Now the supra-
scapular nerve, which is also part of the brachial
plexus, abandons the neurovascular bundle very
proximally, running for almost its entire extent
outside the latter (Fig. 2.5), and therefore, when
the suprascapular nerve is stimulated, there is a
very strong likelihood that this will take place
outside the bundle, giving rise to twitches which
are unreliable for the purposes of anesthesia.
However, the operator only needs to rest the
hand not accompanying the needle on the skin of
the shoulder, previously thoroughly disinfected,
in order to perceive or not the twitches of the
deltoid muscle, even when delivering a low
current intensity with the electrical nerve stim-
ulator (0.3 mA).

The Subscapularis Muscle

Situated on the anterior surface of the scapula,

this muscle occupies the entire subscapular fossa

and inserts medially on the medial border of the
latter. From here, its bundles are directed obli-
quely upwards until they reach the Iesser
tuberosity of the humerus on which they insert.

A number of bundles also insert on the crest of

the trochine. Innervation of the muscle stems

from two roots of the brachial plexus (C5 and

C6) from which derive the superior subscapular

nerve for the upper muscular bundles and the

inferior subscapular nerve (C5-C7) for the lower
bundles.
Its action is threefold:

1. It adducts the humerus.

2. It draws the head of the humerus towards the
glenoid cavity.

3. It rotates the humerus internally with an
antagonist action to that of the supraspinatus
and infraspinatus muscles. In practice, it
adducts and internally rotates the arm.

The Teres Minor Muscle

The constitutionally rather frail teres minor
muscle inserts on the axillary edge of the scapula
and then travels towards the lower part of the
greater tuberosity of the humerus (trochite). It is
innervated by a branch of the axillary or cir-
cumflex nerve (C5-C6), which innervates the
deltoid muscle. Its action is similar to that of
the infraspinatus muscle: It draws the head of the
humerus towards the glenoid cavity, at the same
time rotating the arm externally.

The Teres Major Muscle

The teres major muscle is tougher than the teres
minor. It inserts medially on the inferior angle of
the scapula, and after passing in front of the neck
of the humerus, it reaches the posterior border of
the biceps groove in which it inserts. It is
innervated by the teres major nerve, a branch of
the lower subscapular nerve (C5-C7). Its action
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moves the arm posteriorly and medially; in
practice, it adducts and internally rotates the
arm. It exerts a synergistic action with the la-
tissimus dorsi muscle. It is activated in the ret-
roversion of the arm.

The Trapezius Muscle

Despite the name, however you look at it, par-
tially or as a whole, its shape is triangular. It
inserts on the middle third of the superior nuchal
line, on the external occipital protuberance, on
the spinal processes of C6 and C7, and of the
first ten thoracic vertebrae, and on the respective
supraspinous ligaments. From these medial
insertions, the upper bundles insert laterally on
the lateral third of the posterior edge of the
clavicle, the middle bundles on the medial edge
of the acromion and on the posterior edge of the
scapular spine and the lower bundles on the
medial part of the scapular spine. The supero-
anterior border of the muscle, together with the
sternocleidomastoid muscle and the clavicle,
bounds the region known as the supraclavicular
region. Like the sternocleidomastoid muscle, the
trapezius muscle is innervated by the spinal
accessory nerve and by a number of branches of
the cervical plexus (C2—C4). Contraction of the
muscle causes lifting of the shoulder.

The Levator Scapulae Muscle

The levator scapulae muscle inserts on the
transverse processes of the first two cervical
vertebrae, on the posterior tubercles of the
transverse processes of the third and fourth cer-
vical vertebrae and distally on the superior angle
and medial edge of the scapula. It is in relation to
the sternocleidomastoid muscle, the trapezius
muscle, by which it is covered, and with the skin
of the upper portion where it is not covered by
the trapezius muscle. In turn, it covers the sple-
nius muscle. It is in relation anteriorly to the
posterior scalene muscle (Fig. 2.7).

The levator scapulae muscle belongs to the
same muscle group as the upper portion of the
serratus anterior muscle, with which it is some-
times united. It is innervated by the levator

scapulae nerve (C4-C5). Its action consists in
raising the medial angle of the scapula, thus
bringing about the lowering of the shoulder.
Contracting bilaterally, it extends the neck, and
contracting unilaterally, it bends the neck on the
same side. It also intervenes in forced inspiration.

The Splenius Muscle

The splenius muscle is located below the ster-
nocleidomastoid and trapezius muscles. Chia-
rugi describes this muscle as two distinct
muscles: the splenius capitis and splenius cer-
vicis muscles.

The Splenius Capitis Muscle

From the mastoid process and the lateral half of
the superior (or highest) nuchal line, the splenius
capitis muscle travels downwards, inwards and
posteriorly and inserts on the spinous processes
of the seventh cervical vertebra and the first two
thoracic vertebrae.

The Splenius Cervicis Muscle

This muscle originates on the posterior part of
the transverse process of the atlas and the epi-
stropheus and sometimes of the third cervical
vertebra, then travels obliquely downwards
medially and posteriorly and inserts on the spi-
nous processes of the third, fourth and fifth tho-
racic vertebrae. The splenius cervicis muscle is
innervated by the dorsal branches of the cervical
nerves and particularly by the dorsal branch of
the second cervical nerve, the greater occipital
nerve, or Arnold’s nerve. Its action serves to
extend, tilt, and laterally rotate the head.

The Rhomboid Muscle

Its name is due to its rhomboid or lozenge-like
shape. It inserts proximally on the supraspinous
ligament between the sixth and seventh cervical
vertebrae and on the spinous processes of the
seventh cervical and first four thoracic vertebrae.
Distally, it inserts on the medial edge of the
scapula.
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Fig. 2.7 From right to
left, we note the anterior
scalene muscle, the
brachial plexus, the two
scalene muscles (middle
and posterior, fused
cranially), the omohyoid
muscle (transfixed by the
first needle), the levator
scapulae muscle, the
splenius cervicis muscle
(transfixed by the second
needle), and the splenius
capitis muscle

It is innervated by the rhomboid nerve, a
collateral branch of the brachial plexus (C4-C5).
Contraction of this muscle gives rise to a rota-
tory movement of the scapula to such an extent
that the inferior angle of the latter is adducted
and the lateral angle lowered, and with it the
entire shoulder.

The Serratus Anterior Muscle

The serratus anterior muscle inserts on the
medial edge of the scapula and, adhering tightly
to the ribs from the first to the tenth, performs its
function of keeping the scapula pressed against

the rib cage. In cases of hypotrophy, it favours
the so-called winged scapula phenomenon. It is
normally divided into three portions:

e The upper portion which is directed slightly

obliquely, downwards and forwards and
which inserts with two digitations on the first
and second ribs.

e The middle portion which inserts along the
entire anterior length of the medial edge of the
scapula and on the second, third and fourth
ribs with a slightly oblique direction upwards
and forwards.

e The lower portion which, from the inferior
angle of the scapula, inserts on the fifth to the
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tenth ribs with an oblique direction down-

wards and from back to front.

We will deal here only with the first portion
which is topographically related to the brachial
plexus.

As the first two digitations adhere tightly to
the first two ribs, they present a convex upper
surface and a concave lower surface. They are in
relationships to the subscapularis, supraspinatus,
infraspinatus, rhomboid, levator scapulae and
the middle and posterior scalene muscles; with
the brachial plexus which, on exiting from the
scalene triangle, comes to rest on them; and with
the suprascapular nerve, which, on abandoning
the neurovascular bundle, crosses the muscle
and proceeds towards the scapula (see Fig. 1.5
Anatomy).

It may fuse abnormally with the levator
scapulae muscle whose muscular group it is part
of. It is innervated by the long thoracic nerve
(C5-C6). It has two functions:

1. It keeps the scapula pressed against the tho-
rax and rotates it upwards, thus raising the
shoulder.

2. It functions as an accessory respiratory
muscle.

2.1.7 The Cervical Fasciae

European treatises normally describe three cer-
vical fasciae: the superficial fascia, the middle
fascia, and the deep fascia. In English-language
texts, the three fasciae are simply lumped together
as the deep (or prevertebral) cervical fascia. This
constitutes a source of considerable confusion.
For our part, we will refer to the classic description
furnished by Testut, whose textbooks have served
for the training of several generations of Euro-
pean anatomists.

The Superficial Cervical Fascia

The superficial cervical fascia, situated more or
less at subcutaneous level, completely encircles
and envelops the neck like a thin orthopaedic
collar. On the median anterior raphe, it presents
the cervical linea alba. From there, passing

laterally, it encounters the sternocleidomastoid
muscle (SCM); it splits to enclose the SCM and
then recomposes itself at the level of the pos-
terior border. It then invests the supraclavicular
triangle (constituted by the anterior border of the
trapezius muscle, by the posterior border of the
sternocleidomastoid muscle and by the clavicle),
where, on encountering the anterior border of
the trapezius muscle, it splits to envelop the
muscle and attach itself finally to the spinous
processes of the cervical vertebrae and the first
dorsal vertebrae. Between the superficial cervi-
cal fascia and the skin are inserted the platysma
and the external jugular vein, which is situated
beneath the platysma. In actual fact, both the
external jugular vein and the platysma itself are
enveloped by a splitting of the fascia.

From the internal surface of the superficial
cervical fascia, at the level of the anterior border
of the trapezius muscle, departs an interesting
septum called the vertebral extension (or verte-
bral septum or cervical extension) which runs in
an anteromedial direction towards the scalene
muscles and in turn splits into a posterior lam-
ina, which, after enveloping the middle and
posterior scalene muscles, attaches itself to the
posterior tubercles of the transverse processes,
and an anterior lamina which, enveloping the
anterior scalene muscle, attaches itself to the
anterior tubercles of the transverse processes,
fusing with the deep cervical fascia on the
anterior surface of the muscle (Fig. 2.8).

“Between these two laminae there is an
important space, the intermediate space of the
scalene muscles, where the subclavian artery
and the nerve trunks giving rise to the brachial
plexus are to be found” (Testut).

The two vertebral extensions, right and left,
of the superficial cervical fascia divide the cross
section of the neck into two distinct regions: one
anterior, the neck region, and the other posterior,
the nuchal region.

The Middle Cervical Fascia

The middle cervical fascia, which is trapezoidal
in shape, lies between the upper border of the
omohyoid muscle on one side and that on the
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Fig. 2.8 Cross section of the neck at the sixth cervical
vertebra level. Pink muscles from left to right: I muscles
of the paravertebral groove; 2 semispinal muscle of the
head (or musculus complexus major); 3 longissimus
muscle of the head (or musculus complexus minor); 4
levator scapulae muscle; 5 splenius muscle; 6 trapezius
muscle (grey); 7 middle and posterior scalene muscles; 8
anterior scalene muscle; 9 sternocleidomastoid muscle;

opposite side (Fig. 2.9). It invests the omocla-
vicular triangle and then goes on to insert on the
posterior edge of the clavicle where it fuses with
the fascia of the subclavius muscle.

The upper base constituted by the hyoid bone
is fairly short; the lower base, on the other hand,
is very long, extending across from one coracoid
notch to the other; in resting conditions, the two
sides, constituted by the left and right omohyoid
muscles, present an arch-like appearance, tend-
ing to become more rectilinear in the presence of
contraction of the two muscles.

1] === Superficial cervical fascia

|2 s Middle cervical fascia
|3 === Deep cervical fascia

10 omohyoid muscle; /] superficial cervical fascia (sky
blue) enveloping the sternocleidomastoid muscle; //A
vertical extension of the superficial cervical fascia; /2
middle cervical fascia (red) which envelops and departs
from the omohyoid muscles, from which it attaches
laterally to the superficial cervical fascia at the level of
the medial surface of the SCM muscle and medially to
the deep cervical fascia; /3 deep cervical fascia (green)

The middle cervical fascia is covered by the
superficial cervical fascia from which it is sep-
arated by a thin layer of loose cellular connec-
tive tissue; in turn, with its internal surface, it
invests the larynx, the body of the thyroid gland,
the trachea, the pharynx, the oesophagus and the
neurovascular bundle of the neck (formed by the
common carotid artery, by the internal jugular
vein and by the vagus nerve). The paravertebral
sympathetic chain is located posteriorly and in a
more medial position, in contact with the deep
(or prevertebral) cervical fascia.
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Fig. 2.9 Part of the middle cervical fascia which departs from the anterior border of the omohyoid muscle. It
disappears under the SCM, going over to the contralateral omohyoid muscle and superiorly to the hyoid bone

The middle cervical fascia, on reaching the
level of the subhyoid muscles medially, splits
and envelops them, and then recomposes itself
and encounters its contralateral equivalent on the
midline.

The Deep (or Prevertebral) Cervical Fascia
The deep cervical fascia is attached, proceeding
from top to bottom, to the occipital bone and to
the transverse processes of the cervical vertebrae;
here, it is juxtaposed to the anterior surface of the
anterior scalene muscle where it fuses with the
superficial cervical fascia, whose anterior verte-
bral extension lamina envelops the muscle; it is
also attached to the costal processes of the first
thoracic vertebrae where it dwindles and dis-
perses in the loose cellular tissue of the posterior
mediastinum. With its posterior surface, it is also
in relation to the prevertebral muscles: the longus

colli and the major and minor anterior rectus

muscles; more anteriorly, it is in relation to the

pharynx, oesophagus, the neurovascular bundle
of the neck (invested by the middle cervical
fascia) and the paravertebral sympathetic chain
which it envelops by splitting. Only the superior
cervical ganglion is not contained in the splitting,
thus proving less adherent to the fascia.

For anesthesiological purposes, it is impor-
tant to note:

e that the fasciae of the scalene muscles are
formed by the splitting of the vertebral
extension of the superficial cervical fascia
which at this level fuses and continues with
the deep cervical fascia;

e that the latter, after fusing at this level with
the superficial cervical fascia—driven in the
embryogenetic phase of development by the
nerve rudiments which on progressing toward
the periphery then go on to form the brachial
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plexus—constitutes an authentic sheath
around the plexus that extends, encircling and
accompanying the various elements—roots,
trunks, and cords. This sheath is fairly thick
proximally at the level of the deep cervical
fascia. Compartments are thus formed, by and
large one for each nerve trunk, but not always
communicating with one another, which may
limit the spread of the anesthetic;

e that the paravertebral sympathetic chain is
situated close to the deep cervical fascia or
prevertebral aponeurosis; this may constitute a
cleavage plane that communicates with the
thoracic cavity (see the section on Bezold-
Jarisch syndrome in Chap. 8).

2.1.8 Gale E. Thompson and Duane H.
Rorie

Quite apart from all the treatises of anatomy,
more or less exhaustive in their descriptions, the
study by Thompson and Rorie entitled ‘Func-
tional anatomy of the brachial plexus sheaths’,
published in Anesthesiology in 1983, remains a
classic for anesthesiological purposes. The arti-
cle clearly outlines the structure and conforma-
tion of the neurovascular bundle.

The authors adopt a study method combining
the use of anatomical dissection, histological
preparations and X-rays obtained using contrast
media. The radiological study was conducted on
ten volunteers and the anatomical study on three
cadavers. The histological preparations stained
with haematoxylin and eosin showed that the
connective tissue forming the fibrous fringes
presents a denser consistency proximally at its
origin, on abandoning the deep cervical fascia,
and progressively becomes more loosely orga-
nized distally. At each level, the authors noted
that the connective tissue that makes up the
sheath of the neurovascular bundle extends
inwards, forming septa between the various
components of the plexus: The consistency of
these septa is entirely similar in terms of thick-
ness and density to the sheath enveloping the
bundle. Thus, the neurovascular bundle appears
as a multicompartmental structure. The various

compartments would appear to be well defined
at the axillary level and to present greater
communication at the proximal level.

These interfascial septa, on the one hand, limit
the transverse spread of anesthetic from one
compartment to another and, on the other hand,
explain why the anesthetic solution spreads easily
in a longitudinal direction up and down the nerve.
This would account for the fact that sometimes the
anesthesia may be well induced on one nerve
(generally, one which, when stimulated, presents
twitches or paraesthesia; editor’s note), but insuf-
ficient or even totally absent on another.

Four years later, B. L. Partridge et al., in a study
conducted on eighteen cadavers and published in
Anesthesiology in 1987, demonstrated that, also at
the axillary level, there is communication
between the various compartments and therefore
that there is no need for multiple injections.
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Anatomy of the Cervical Plexus

F. Alemanno and E. Egarter Vigl

In our anatomical description of the innervation
of the supraclavicular region, we cannot neglect
to make some mention, however brief, of the
cervical plexus. The superior cervical somatic
nerves, in fact, in addition to numbering among
the terminal nerves as important a nerve as the
phrenic nerve, have numerous anastomoses and
imbrications sharing territorial competence with
the brachial plexus.

The cervical plexus, on the one hand, sends
anastomotic contributions to the brachial plexus
and, on the other hand, exerts an action com-
plementary to the latter in the sensory innerva-
tion of the shoulder and clavicle.

It is formed by the anterior divisions of the
first four cervical nerves.

The anterior division of the first cervical
nerve emerges at a point above the atlas and
below the occipital bone and runs alongside the
vertebral artery in the groove produced by the
latter in the posterior arch of the atlas; on
reaching the point where the vertebral artery
exits from the transverse foramen coming to rest
on its own dedicated track, it crosses the artery
from below, travelling forwards and caudad, and
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forms an anastomotic loop with an ascending

branch of the second cervical nerve.

The anterior divisions of the second, third and
fourth cervical nerves, on emerging from their
respective intervertebral foramina, proceed
along the dedicated tracks of their transverse
apophyses, passing behind the vertebral artery.
At the lateral ends of the transverse apophyses,
they anastomose to one another in the following
manner:

e The anterior division of the second nerve pair,
at the lateral end of the transverse apophysis
of the epistropheus, divides into two branches.
One branch, travelling upwards, forms the
anastomotic arch with the first nerve, while
the other descends forming the second anas-
tomotic arch with the third pair.

e The anterior division of the third nerve pair, at
the end of the transverse apophysis of the third
vertebra, divides into three branches, the
uppermost of which anastomoses with the
descending branch of the second nerve, while
the lowest anastomoses with the ascending
branch of the fourth pair. The middle branch
constitutes the cutaneous transverse nerve of
the neck.

e The anterior division of the fourth cervical
nerve, at the end of the transverse apophysis
of the fourth vertebra, gives rise to three main
branches: An upper branch that anastomoses
with the descending ramus of the third nerve,
a lower branch that constitutes the anasto-
motic contribution to the brachial plexus and
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lastly a branch that constitutes the main root

of the phrenic nerve.

Thus, the three anastomotic arches that unite
the first, second, third and fourth anterior divi-
sions of the first four spinal nerves constitute the
cervical plexus. The five superficial or cutaneous
branches and the ten deep or muscular branches
originate from the five anterior divisions, before
emitting the anastomoses, and from the anasto-
motic arches.

In order not to get involved in a long and
rather pedantic description of the fifteen nerve
branches of the cervical plexus, we will deal
here only with the five superficial or cutaneous
branches, these being relevant to the subject we
are addressing, leaving the description of the
other nine (except for the phrenic nerve) to the
treatises of anatomy.

3.1 Superficial or Cutaneous

Branches

All the superficial branches, to become such,
present a monotonic behaviour: They run caudad
and laterally, reaching the posterior border of the
sternocleidomastoid muscle. On reaching the
latter, they then travel cephalad, horizontally, or
obliquely caudad to reach their respective areas
of competence.

3.1.1 Cutaneous or Transverse Nerve

of the Neck

This nerve often originates at the point where the
two anastomotic branches—superior and infe-
rior—of the anterior division of the third nerve
separate, so much so that at times it seems as if
the nerve trifurcates ad modum tridentis (like a
trident). It emerges behind the posterior border
of the sternocleidomastoid muscle and, after
passing beneath the external jugular vein, travels
on the lateral surface of the muscle, in a medial
direction, innervating the suprahyoid, infrahyoid
and carotid regions with two terminal branches;
it gives off an anastomosis with a cervical twig

of the facial nerve. Its cranial branch (resting
upon and parallel to the auricular nerve) reaches
the edge of the mandible, its imbrications over-
lapping the territory of competence of the
mandibular branch of the trigeminal nerve. It
innervates the skin caudad as far as the jugular
region.

3.1.2 Auricular Nerve

The auricular nerve, which is of no interest for
our purposes, but which we describe for the sake
of completeness, originates from the anastomo-
sis of the second and third nerve pairs. It
emerges from the posterior border of the ster-
nocleidomastoid muscle, a few centimetres
above the cutaneous nerve of the neck. It
adheres to the lateral surface of the muscle,
proceeds cephalad and innervates the outer ear.

3.1.3 Lesser Occipital Nerve

The lesser occipital nerve, also called the mas-
toid branch, arises from the second and third
cervical nerves. It emerges from the posterior
border of the sternocleidomastoid muscle
slightly above the auricular branch, ascends
along the posterior border of the muscle and
distributes to the mastoid and occipital regions
and to the posterior part of the temporal region.

This, then, is the lesser occipital nerve, but
what about the greater occipital nerve? This is
the question that comes to the mind of the reader
whose memories of anatomy have begun to fade.
The greater occipital nerve or Arnold’s nerve is
not part of the cervical plexus because it is
formed by the posterior branch of the second
cervical nerve. It emerges beneath the posterior
arch of the atlas, surrounds the lower border of
the inferior oblique muscle of the head and then
travels cephalad crossing the trapezius muscle
and becoming subcutaneous in the occipital
region, medially to the lesser occipital nerve,
where its terminal branches innervate all the skin
of this region.
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3.1.4 Supraclavicular Branches

These branches, which are variable in number,
arise from the third loop of the cervical plexus
and from the anterior division of the fourth pair.
United initially in a single trunk—the supracla-
vicular ramus as it is more properly called—
from which the supra-acromial nerve also orig-
inates the supraclavicular rami branch out while
still beneath the sternocleidomastoid muscle, but
emerge, closely grouped together, from its pos-
terior border, just behind the external jugular
vein. They divide into an anterior group that
straddles the vein, proceeding caudad and for-
wards, following the two heads of the muscle,

Fig. 3.1 Anatomical
illustration of the
distribution of the
superficial cervical plexus.
1 Greater occipital nerve,
which is not part of the
brachial plexus; 2 lesser
occipital nerve; 3 great
auricular nerve; 4 cranial
branch of the cutaneous
nerve of the neck (parallel
to the great auricular
nerve); 5 accessory nerve,
6 cutaneous or transverse
nerve of the neck; 7 its
anastomotic loop with a
cervical twig of the facial
nerve; 8 caudal branches of
the cutaneous or transverse
nerve of the neck; 9
supraclavicular nerves
innervating the skin of the
middle and medial third of
the clavicle; /0 supra-
acromial branch

and another group with a distinctly lower course
towards the middle third of the clavicle. They
pass beneath the platysma and after perforating
it become more superficial, innervating the skin
of the supra- and infraclavicular region at the
level of the middle and medial third of the
clavicle as far as the lateral border of the pec-
toralis major muscle (Fig. 3.1).

3.1.5 The Supra-Acromial Branch

This branch, which is important for the purposes
of complete anesthesia of the shoulder, origi-
nates from the fourth cervical nerve sharing a
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common trunk with the supraclavicular nerve
that originates from the same cervical nerve, so
much so that Bairati describes it as the lateral
branch of the supraclavicular nerve.

This branch, too, emerges from beneath the
posterior border of the sternocleidomastoid
muscle, after which it runs laterally and caudad,
passing in front of the external surface of the
trapezius muscle. It then proceeds in the subcu-
taneous tissue, branching out at the level of the
lateral third of the clavicle, to the entire shoulder.

3.2  The Phrenic Nerve

We have said that the deep cervical branches are
of little interest anesthesiologically, but we
cannot refrain from describing the phrenic
nerve, which is involved in a substantial per-
centage of cases in which supraclavicular bra-
chial plexus block techniques are performed,
sometimes constituting a major complication.

The largest and most exhaustive monographic
study in this connection is the one published by
Luschka in the second half of the nineteenth
century, which is still valid today (human anat-
omy does not change in the course of time).

The main root of the phrenic nerve is con-
stituted by the anterior division of the fourth
cervical nerve pair with a contribution from the
branches of the anterior division of the third and
fifth cervical pairs.

The phrenic nerve, emerging from the apex of
the scalene triangle, adheres to and runs obli-
quely across the anterior surface of the anterior
scalene muscle (Fig. 1.5). After travelling over
the surface of the muscle in an inferomedial
direction, it reaches the medial angle formed by
the anterior scalene muscle and the first rib
where it enters the thorax.

We will limit ourselves to describing the
relationships, which the phrenic nerve has in the
neck region, because it is in this region that the
proximal brachial plexus block techniques are
applied.

The phrenic nerve proceeds transversely for a
short distance in a medial and oblique caudal
direction through the space containing the

neurovascular bundle of the brachial plexus,
emerging from it at the level of the upper angle
of the scalene triangle. It appears, adhering to
the anterior surface of the anterior scalene
muscle, covered by the splitting of the middle
cervical fascia that envelops the omohyoid
muscle. It is in the segment that crosses the
upper part of the space described by Winnie that
the phrenic nerve is involved in the block, all the
more so, the more the needle tip lies in a para-
cervical position. Descending, it reaches the
medial border of the anterior scalene muscle,
and approaching the subclavian artery, it crosses
the superficial cervical artery and the transverse
cervical artery posteriorly; it then inserts itself
between the subclavian artery, located deeper
down, and the subclavian vein (located more
superficially); proceeding then in an oblique,
posterior direction, it reaches the anteromedial
portion of the pleural dome, gaining access to
the thoracic cavity.

The phrenic nerve, on a more superficial
plane, is first crossed by the omohyoid muscle
and then invested by the middle cervical fascia;
finally, it is covered by the sternocleidomastoid
muscle. Its entry point into the thorax corre-
sponds to the interstice between the two heads of
the sternocleidomastoid muscle.
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The Anesthetic Line

P. Grossi

The evolution of regional anesthesia techniques
over the years has witnessed the alternation of a
whole series of extremely heterogeneous
approaches to the nerve structures. The aim of
these procedures was to reconstruct, by means of
cutaneous landmarks, the course of the under-
lying nerves which were then located with var-
ious systems, ranging from the eliciting of
paresthesias to the more recent electrical nerve
stimulation and ultrasound methods, so as to be
able to perform the anesthetic block with a
needle located close to the target.

In clinical practice, it is important to reduce
to a minimum the attempts to locate the nerve by
means of the needle, also in view of the dis-
comfort that this kind of exploration causes the
patient.

The reduction in the time taken to find the
nerve and the attempts at exploration are closely
related to the recognition of fixed anatomical
landmarks common to all patients, analysis of
which makes it possible to identify a point on the
skin at which the needle needs to be inserted in
order to reach the target nerve situated in depth.

Grossi, in 2003, for the purposes of making
anesthetic block techniques safer, more accurate
and more reproducible, developed the concept of
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the “anesthetic line”, an important aid in the
search for the best means of locating the nerve
structures targeted in the block.

This is achieved by identifying cutaneous
anatomical landmarks which may be some dis-
tance from the area of the block and not directly
involved in it, but which lie over the course of
the targeted nerve structures and represent an
alignment with the latter in what is a theoretical
“anesthetic line”, that highlights, at the cutane-
ous level and on the frontal plane, the course of
the underlying nerve structures in depth.

It thus proves possible to obtain an anatomi-
cal guide for the introduction of the needle.

Similar reasoning prompted Bazy (1914) in
the early years of the twentieth century to pro-
pose tracing a line from Chassaignac’s tubercle
to the apex of the coracoid process of the scapula.

The concept of an anesthetic line merely
reflects an anatomical virtual observation or visu-
alization of the cranio-caudal longitudinal course
of the nerve structure which, when the patient
assumes given positions aimed at highlighting the
anatomical landmarks, makes it possible to rep-
resent the nerve structure in a rectilinear manner
and therefore in a configuration more easily
accessible from the outside with a needle.

In the specific case of upper limb blocks,
when the patient is positioned with the head
turned towards the opposite side to the block and
with the arm slightly abducted, it clearly emer-
ges that the various anatomical landmarks
enable the plexus to be visualized as a rectilinear
structure (Fig. 4.1).
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The Anesthetic Line
for the Upper Limb

4.1

The anesthetic line is obtained by placing the
patient in the supine position with the head
turned towards the side opposite to the side to be
blocked and with the upper limb abducted 45° to
the trunk.

We thus have a common starting position for
all blocks of the upper limb, allowing good
visualization of the following landmarks
(Fig. 4.1):

e the apex of the scalene triangle, Chassaignac’s
tubercle;

¢ the midpoint of the clavicle;

e the deltopectoral groove, highlighting the
coracoid process and the profile of the rib cage;

e the pulse of the axillary artery at the armpit;

e possibly, the medial epicondyle of the elbow,
if the block is performed at the midhumeral
level.

In this situation, we may note that the various
cutaneous landmarks follow a linear route that
departs from the apex of the scalene triangle and
proceeds as far as the point where the axillary
artery pulse is palpated at the armpit. This line
can be extended as far as the medial epicondyle
of the elbow in the case of blocks performed at
the midhumeral level.

This expedient, which enables the anesthetist
to “visualize” a three-dimensional structure
such as the brachial plexus in terms of a two-
dimensional frontal view, that is to say a line on
the skin, allows both complete appreciation of
the course of the underlying nerve structure and
the choice of a variety of different approaches,

Fig. 4.1 The anesthetic line: SCM sternocleidomastoid
muscle; AS subclavian artery pulse; TCH Chassaignac’s
tubercle; C coracoid apophysis; LCT transverse cricoid
line. The anesthetic line is the dashed line that departs

from Chassaignac’s tubercle and passes tangential to the
subclavian artery pulse; it passes over the midpoint of the
clavicle and then proceeds tangentially also to the
coracoid apophysis, finally reaching the axillary fold
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which will vary according to the different
inclinations and directions of the needle when
performing the block.

One advantage of the anesthetic line consists
in the possibility of selecting the dermatomes
and blockable areas, performing an injection in a
cranial or caudal direction.

The Anesthetic Line
and Interscalene Approach

4.1.1

After the classic positioning of the patient, the
anesthetic line is traced on the skin connecting
the various landmarks.

The base of the needle is placed at the level
of the midpoint of the clavicle, and the tip is
directed craniad parallel to the course of the
anesthetic line. In this way, the tip of the needle
should lie at the level of the groove formed by
the scalene triangle, approximately 2 cm below
the classic entry point of the Winnie’s
technique.

After puncturing the skin, the progression of
the needle in this direction enables it to reach the
nerve bundle containing the brachial plexus in a
targeted manner.

The concurrent use of electrical nerve stim-
ulation permits the correct placement of the
needle in the vicinity of the nerve bundles of the
plexus. At a depth of approximately 1-2 cm, it
will be possible to evoke the twitch of the del-
toid muscle usually regarded as satisfactory for
locating the brachial plexus.

The volume of anesthetic necessary for the
block is 30—40 ml.

With this approach, the vascular structures
are further away from the needle tip and a
pleural puncture is a very rare occurrence.

Potential effects on the phrenic nerve, how-
ever, are present, as in other types of intersca-
lene  approach  with  variable clinical
manifestations in all cases.

One hypothetical complication that may
occur if the needle progresses too deeply is the
accidental injection of local anesthetic into the
epidural space. This type of complication,
however, is not typical of this approach but has

been reported as a result of interscalene blocks
performed with the classic technique.

4.1.2 The anesthetic Line
and Infraclavicular Approach

The infraclavicular approach with the aid of the
anesthetic line is based on a modified version of
the Raj’s technique.

The approach to the brachial plexus by the
infraclavicular route is characterized by the
introduction of the stimulating needle (at least
10 cm long) at a point lying at a distance of
approximately 3 cm from the midpoint of the
clavicle (at the level of the coracoid process) on
a line traced as an extension of the posterior
border of the sternocleidomastoid muscle, which
crosses the clavicle at the midpoint and extends
as far as the armpit at the point where the pulse
of the axillary artery is detectable. Ideally, this
line represents, on the skin, the course of the
deep underlying brachial plexus.

The anesthetic line is traced with the patient
in the basic supine position.

The patient is then positioned with the upper
arm abducted 45°.

After accurately locating the coracoid process
and the deltopectoral groove, the anesthetist
proceeds, after inducing a local anesthetic skin
wheal, to introduce the needle, which, for the
technique involving a single administration, is
performed in a vertical direction perpendicular
to the course of the anesthetic line. At a depth of
4-8 cm, depending upon the patient’s constitu-
tion, it will be possible to locate the plexus by
evoking the typical peripheral twitches which
may include the contraction of the biceps muscle
due to stimulation of the musculocutaneous
nerve which is still a part of this area.

The total volume of anesthetic necessary for
the block is 30-40 ml.

Two possible complications are associated
with this approach, namely the risk of pleural or
arterial puncture. On the basis of the data
reported in the literature, however, the incidence
of these complications would not appear to be
very significant.
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Electrical Nerve Stimulation
and Percutaneous Identification

of the Target

L. Perotti, M. Allegri, A. Matteazzi and P. Grossi

5.1 Introduction
The execution of a peripheral block requires a
procedure that permits accurate identification of
the nerve structures. The identification of a
nerve or a nerve plexus for the purposes of
performing a regional anesthetic block is done
by means of invasive or non-invasive techniques
using needles or other specific instruments.

These procedures entail the use of a needle
which, via direct mechanical stimulation or via
the impulses generated and conducted by an
electrical nerve stimulator, make it possible to
locate the target nerve structure by evoking
paraesthesias and/or motor responses.

With the appropriate technique, the evoked
responses attest to the correct positioning of the
needle tip in relation to the target of the block.
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When an electrical stimulation is applied, a
weak direct current is supplied to the tip of the
needle by means of a current generator called
nerve stimulator, which delivers square wave
current. This current gives rise to a depolariza-
tion of the nerve fibres close to the point from
which the current wave is administered (in this
specific case, the needle tip).

Electrical nerve stimulation (ENS) works on
the basis of the principle according to which it is
possible to apply, in a targeted manner and in the
immediate vicinity of the nerve structure, a
series of electrical stimuli which, by stimulating
the motor fibres, cause the contraction of the
muscles innervated by these fibres.

In other words, if an electrical impulse passes
through the needle used for the block and if the
needle is close to the motor fibres of the nerve, a
depolarization is produced capable of causing a
motor contraction (called twitch) in the muscular
district innervated by the nerve stimulated; this
contraction enables the anesthetist to identify
exactly which nerve fibres are involved.

The correct execution of regional anesthesia
with ENS requires compliance with a set of rules
which are summarized in the 10 commandments
listed below.
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Ten Commandments
for the Use of ENS

5.2

1. A thorough knowledge of (1) anatomy, (2)
the course, relations and cutaneous ramifi-
cations of the nerve structures and (3) the
dermatomere and myomere subdivisions.

2. Choose the approach to the nerve structures
carefully in relation to the anatomical area
of interest and the type of surgery to be
performed.

3. Position the neutral electrode at a distance of
at least 20 cm from the stimulating needle.

4. Avoid positioning the indifferent electrode
on the course of the nerve to be blocked.

5. Use low-intensity current when eliciting the
twitches so as to guarantee patient comfort.

6. Use the minimum stimulus intensity neces-
sary to obtain the strongest twitch (0.5 mA).
This rule enables one to reach the correct
distance between the needle and the nerve.

7. Always seek the “best twitch” before pro-
ceeding to inject the local anesthetic; that is
to say the twitch corresponding to the sen-
sory area wherein the surgery will be
performed.

8. In case of multiple blocks, first locate the
nerve or part of the brachial plexus most
involved in the surgical site (e.g. for surgery
of the foot, first perform the sciatic nerve
block followed by the femoral nerve block;
invert these procedures for knee surgery).

9. After the first injection of local anesthetic,
complete the block by searching for the
accessory nerve branches, avoiding intro-
ducing the needle into the anesthetized area.

10. Always perform the Raj test.

5.2.1 The Raj Test
Once the nerve root has been located, 2 ml of
anesthetic solution is injected, while maintaining
the electrical stimulation unaltered.
The following situations may arise:
(a) the peripheral twitches are interrupted: cor-
rect location;

(b) the peripheral twitches persist: needle posi-
tioned in the pre-fascial area. In the event of
pre-fascial injection, the needle must be
withdrawn and repositioned in search of the
best twitch;

(c) the peripheral twitches persist and the
patient experiences intense paraesthesia
along the nerve: perineural injection. In the
event of perineural injection, the procedure
must be suspended immediately and the
needle repositioned;

(d) the peripheral twitches persist and the
patient complains of intense pain and
immediate anesthesia of the nerve trunk
involved: intraneural injection. In the event
of intraneural injection, the procedure must
be definitively suspended.

5.3  Electrical Nerve Stimulation
In excitable cells, the electrical stimulation
induced by the electrical nerve stimulator is
capable of depolarizing the cell membrane.

The action potential is generated on condition
that the stimulating current reaches a certain
threshold intensity (/) for a certain amount of
time (¢) and that the intensity is reached rapidly.

A particular intensity—duration curve, and
therefore, a particular “rheobase” and “chron-
axie” characterize the various types of excitable
cells.

The characteristic intensity—duration curve is
very steep for stimuli of brief duration. In other
words, both stimuli which are very intense but
have a duration below a certain value (temporal
threshold, chronaxie) and stimuli which have a
very long duration, but an intensity lower than
the rheobase, do not excite the cell.

The decisive factors in nerve stimulation are
as follows:

5.3.1 Rheobase

The term “rheobase” refers to the minimum
direct current intensity, applied for an indefinite
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period of time, capable of producing an action
potential:

o) —

5.3.2 Chronaxie

“Chronaxie” refers to the minimum amount of
time needed to produce an impulse with a cur-
rent intensity double that of the rheobase. This
parameter provides a measure of the excitability
of the fibre.

5.4  Variability of Nerve Fibre

Responses

The nerve fibres, that supply the musculoskeletal
innervation and those that conduct sensitivity
and nociception, considerably differ in terms of
size, conduction velocity, refractory period and
myelination.

Since the excitation threshold is lower in
large-calibre myelin fibres, we have a situation
whereby, on increasing the stimulus intensity, the
nerve fibres are activated in the following order:

Ao, Af, C, Ad and C

A suitably modulated electrical stimulation is
therefore capable of evoking a painless motor
response without stimulating the Ad and C-
fibres.

It is equally important to stress that local
anesthetics block the conduction of the non-
myelinated nerve fibres (C-fibres) first and then
that of myelinated fibres of larger calibre.

It is therefore possible to perform selective
blocks of mixed nerves in conditions of sub-

stantial safety with only minimal patient
discomfort.
5.4.1 Characteristics of the Electrical

Stimulus

The electrical stimulus is characterized by the
following:

waveform,;

duration;

frequencys;

intensity.

Currently, most authors agree that direct
current impulses with a square waveform, gen-
erated by constant current stimulators, are
optimal.

The stimulus duration is measured in milli-
seconds (ms), the frequency in Hertz (Hz) and
the intensity in milliamperes (mA). Some elec-
trical nerve stimulators of the latest generation
measure the charge delivered rather than the
current intensity; in this case, the measurement
unit is the nC (nanocoulomb) which represents
the product of the current intensity and the
duration of the stimulus.

The ideal duration of the stimulus, bearing in
mind the intensity—duration curve of the normal
muscle, is 0.3 ms which corresponds to the
rheobase value; the most commonly used stim-
ulation frequency is 2 Hz. The ideal stimulus
intensity, with a duration of 0.3 ms, is 1-1.5 mA
for the approach phase to the nerve, with a
gradual reduction to 0.5-0.4 mA in the nerve
location phase (see ten commandments).

5.5  Electrical Nerve Stimulators
The latest generation of electrical nerve stimu-
lators have continuous control of the current
setting and the current actually delivered to the
nerve; they are also equipped with automatic
compensation circuits for any variations in
electrical resistance.

The parameters influencing the -electrical
stimulation activity are as follows:

5.5.1 Rheobase

As described above, the term rheobase corre-
sponds to the minimum direct current intensity
capable of exciting the cell if applied for an
indefinitely long period:

o) —
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5.5.2 Frequency

This value can be reduced to as little as 1 Hz for
nerves of larger calibre or for blocks performed
on fractured limbs, or increased to 3—4 Hz for
nerve endings that are particularly thin and dif-
ficult to locate.

5.5.3 Stimulus Intensity

If the product of current intensity and the stim-
ulus duration is used, the recommended values
are 300-600 nC for the exploratory phase and
150 nC for the location phase.

5.5.4 Coulomb’s Law and Ohm’s Law

On the basis of Coulomb’s law and Ohm’s law,
the current intensity that flows in a medium
(intensity at the distance r from the electrical
source) is inversely proportional to the square of
the distance from the source and directly pro-
portional to the constant depending on medium
and the intensity of the source. Intensity, in turn,
is directly proportional to voltage and inversely
proportional to resistance.

The resistance can also be defined by a for-
mula in which it is directly proportional to the
specific resistance and length of the conductor
and inversely proportional to the cross section of
the conductor.

Thus, the estimate of the electrical charge
that effectively reaches the nerve is influenced
by numerous variables, in that it is conditioned
by the substantial variability of the human body
and by the different tissue resistances that the
needle encounters during its progression.

Schematically, the stimulation can be repre-
sented as a closed electrical circuit formed by
the human body, the exploratory needle (posi-
tive pole) and the neutral electrode placed on the
skin (negative pole). In clinical practice, one
variable always encountered consists in the
distance between the stimulating needle and the

cutaneous electrode, which cannot be deter-
mined exactly in advance.

5.5.5 Cutaneous Variability

The cutaneous variability is influenced by the
different composition of the tissue layers the
needle passes through, the distance and the
reciprocal position of the electrodes.

5.5.6 Electrode-to-Needle Distance

According to a number of authors, the optimal
positioning of the cutaneous electrode should be
not less than 15-20 cm from the needle entry
point, in a position opposite the course of the
nerve. In this way, almost all the current deliv-
ered will invest the nerve and will be rapidly
discharged onto the neutral electrode, reducing
to a minimum the dispersion towards the rest of
the body and making it possible to reduce the
current intensity necessary to locate the nerve
structure.

5.5.7 Hypothetical Complications
of Electrical Nerve Stimulation

The harmful effects of ENS may be the following:
1. electrochemical effects;

2. Joule effects related to heat production;

3. traumatic injuries.

Current studies, however, appear to confirm
the efficacy and safety of the procedure. The use
of insulated needles and adequate stimulation
parameters renders the Joule effect practically
negligible, and the risk of electrical nerve injury
practically nil.

What remains, as in the techniques involving
paraesthesia, are possible direct traumatic inju-
ries to the nerve. Such events, however, are
limited thanks to the electrical stimulation which
affords better perception of the approach of the
needle to the target nerve.
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5.6 Other Methods for Performing
Peripheral Nerve Blocks
5.6.1 Percutaneous Electrical Nerve

Stimulation

The traditional methods for performing periph-
eral nerve blocks are based on the identification
of anatomical landmarks. These landmarks
constitute an approximate starting point for
invasive exploration with the needle.

The aim of the needle exploration may be
anatomical (e.g. palpation of the axillary artery
or ultrasound imaging) or functional (sensory
response to mechanical stimulation, e.g., par-
aesthesia or motor response to the electrical
stimulation of the nerve).

Recent studies have addressed the develop-
ment of a procedure that permits ENS via the
percutaneous route.

Unlike the ultrasound method based on the
visualization of the target structures, percutane-
ous electrical stimulation uses as its functional
endpoint the motor or sensory response to elec-
trical stimulation of the underlying nerve. Per-
cutaneous electrical stimulation is used to
determine the exact point of insertion of the
needle at the cutaneous level so as to reduce the
invasive search for the nerve through explora-
tion in depth.

Ganta et al. have studied the use of an elec-
trocardiographic electrode for performing an
interscalene block. The electrode, coupled to the
electrical nerve stimulator, was positioned on
the skin to locate the optimal access point.

Urmey proposes the use of a percutaneous
exploratory electrode capable of facilitating the
identification of the interscalene groove in
patients with difficult anatomy.

The use of percutaneous stimulation to elicit
a sensory response (paraesthesia) in case of
electrical stimulation of a purely sensory nerve
(lateral femoral cutaneous nerve) has been
reported by Shannon et al.

Urmey and Grossi have recently described a
technique called Percutaneous Electrode Guid-
ance (PEG). PEG uses percutaneous electrical

stimulation for the non-invasive pre-location of
the target nerve or nerve plexus. Unlike the
percutaneous techniques described above, PEG
employs a special transcutaneous electrode
equipped with a fine metal tip (less than 1 mm).
The electrode is designed to furrow the skin and
subcutaneous tissues in the direction of the
nerve, so as to reduce the electrical tissue
resistance as well as the distance from the target
nerves. The electrode is electrically shielded and
sterile.

This technique has recently been perfected
and simplified, though conserving the original
concept. The tip of the stimulating needle is used
both as a cutaneous electrode and as an invasive
electrode. The needle tip is enclosed in a roun-
ded, non-conductive, sterile plastic shell that
transforms the needle tip itself into a smooth
cutaneous electrode. Once located the exact
cutaneous entry point, the needle can then pierce
the shell to perforate the skin and reach the
target nerve.

5.6.2 Scientific Basis as a Guide
to Percutaneous Electrical Nerve
Stimulation

The ability to stimulate a peripheral nerve or

nerve plexus electrically is as follows:

1. directly proportional to the electrical current
intensity (/), that is to say the amperage
applied to the stimulating electrode or to the
needle;

2. proportional to the duration of the impulse of
the square wave current generated by the
electrical nerve stimulator;

3. inversely proportional to the electrode-to-
nerve distance;

4. inversely proportional to the electrical
impedance of the tissue interposed between
the electrode and the target nerves.

5.6.3 Current Flow (Amperage)

The use of high amperages for stimulating
peripheral nerves (2-5 mA) makes it possible to



50

L. Perotti et al.

elicit a motor response at a greater distance from
the nerve. In view of the fact that the electrode
progressively approaches the nerve, the motor
response to the electrical stimulation can be
achieved by progressively reducing the
amperage.

A motor response to stimulation with currents
below 0.5 mA and conventional impulse dura-
tions of 0.1-0.2 ms indicates that the needle tip
is very close to the nerve structure. The rela-
tionship between current flow (/), voltage
(V) and tissue resistance (R) is governed by
Eq. 5.1.

I=V/R (5.1)

Starting the search for the nerve structure at a
high amperage, whether with a percutaneous or
invasive approach maximizes the sensitivity
(ability to elicit a motor response).

This principle is normally used for monitor-
ing the neuromuscular junction during general
anesthesia, delivering very high currents
(~50 mA) via cutaneous electrodes; for this
application, the specificity of the technique is
obviously of minor importance.

For peripheral nerve blocks, on the other
hand, currents of 2-5 mA increase the sensitiv-
ity but the maximum specificity is achieved at
very low current values (<0.5 mA).

5.6.4 Duration of the Electrical
Impulse

What is meant by the duration of the electrical
impulse is the duration, expressed in millisec-
onds, of the square wave of the periodic impulse
delivered by the electrostimulator for the pur-
poses of stimulating the nerve or nerve plexus.

On increasing the duration of the electrical
impulse, the total flow of electrons, calculated as
the area under the curve, also increases.
Increasing the duration of the electrical impulse
also increases the nerve stimulation capacity in a
manner directly proportional to the increase in
impulse duration itself (maintaining the other
variables unchanged).

Similarly, the current flow (amperage), at
high impulse durations (0.3-1.0 ms), corre-
sponds to a greater sensitivity of the technique
for the initial pre-location of the nerve with the
percutaneous or invasive approach. Conversely,
a lower impulse duration (e.g. 0.1 ms) mini-
mizes the specificity of the technique as regards
the final invasive location of the nerve or nerve
plexus.

5.6.5 Electrode-to-Nerve Distance

The distance (in the formula here below, the
length L) between the electrode (needle tip) and
the target nerve is one of the main factors
capable of influencing the possibility of obtain-
ing a motor response to the electrical stimulation
at a precise electrical current and impulse
duration. This relation is governed by Eq. 5.2.

R = pL/A (5.2)

where R is the electrical resistance, p is the tis-
sue resistivity, L is the electrode-to-nerve dis-
tance and A is the conduction area.

Thus, on the basis of the two equations, it
emerges that a greater current flow is needed to
stimulate a nerve at a certain distance. The
inverse proportion of this property is exploited
when a stimulating needle is used to perform a
nerve block.

Since the motor response diminishes on
increasing the distance between the electrode
(needle tip) and the nerve structure, obtaining a
motor response at very low amperages and
impulse durations indicates that the needle tip is
very close to the target nerve.

By the same token, it may be noted that a
higher current is required for a smaller conduc-
tive area.

Therefore, stimulation with a small electrode
(needle tip) increases the specificity and indi-
cates proximity to the nerve.

Therefore, for the purposes of percutaneous
stimulation, which occurs at a greater distance
compared to the classic invasive techniques, a
greater electrical current and/or impulse duration
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is required. For locating a nerve or nerve plexus
percutaneously at a relatively low amperage
(2-5 mA), it is useful to reduce the electrode-to-
nerve distance by compressing the skin layers
and subcutaneous tissues towards the target
nerve and to employ a needle tip electrode in
order to maximize the specificity.

5.6.6 Electrical Impedance
of the Tissue

The last variable that influences the ability to
elicit a motor response to electrical stimulation
of the nerve is the electrical impedance of skin
and the underlying tissues. In general, higher the
water:lipid ratio of the tissue, lower will be its
electrical impedance. The skin is characterized
by very high electrical impedance. Performing a
skin incision serves to reduce the electrical
impedance, or, expressed conversely, to increase
the conductivity of the tissues, facilitating the
elicitation of a motor response at a given
amperage and impulse duration.

5.6.7 Frequency of the Electrical
Impulse

The frequency (f) of the square wave electrical
impulse generated by the electrical nerve stim-
ulator is usually set at 1 or 2 Hz.

Increasing the frequency to 2 Hz may facili-
tate a more rapid and constant feedback, albeit at
the expense of slightly greater patient discom-
fort. Any further increase in the stimulation
frequency makes the procedure even more
uncomfortable. The frequencies that induce tet-
anus (usually set at 50 or 100 Hz on the stimu-
lators currently available on the market) are very
painful and therefore should not be used for
locating the nerve targets.

5.6.8 Principles of Percutaneous
Electrode Guidance

Percutaneous electrode guidance (PEG) enables
the anesthetist to optimize the above-mentioned
variables in such a way as to perform percutane-
ous stimulation and therefore pre-location of the
nerve target at relatively low amperages (<5 mA).
The use of a smooth-tip electrode makes it pos-
sible to indent the skin without causing the patient
too much discomfort. Indenting the skin reduces
to a minimum the distance between the explor-
atory electrode and the nerve, reducing the elec-
trical impedance by compressing the underlying
tissues, thus increasing the electrical conductivity.
Contrary to the traditional method, where a
brief impulse duration is preferable for the pre-
cise location of the nerve structures by means of
the needle tip, cutaneous stimulation with PEG
presents the advantage of employing longer
impulse durations (0.2-1.0 ms). Longer impulse
durations enable motor responses to be elicited
at lower amperages. Furrowing the skin (in some
cases several centimetres are required) brings
the cutaneous electrode close to the nerve or
nerve plexus. Since most of the location process
is done by the probe, which indents the skin
towards the nerve structure, the needle tip
usually works in very close proximity to it.

5.6.9 Early Clinical Experience
with the PEG Technique

Urmey and Grossi have reported the first clinical
cases of peripheral blocks or plexus blocks
performed using the PEG technique. These
authors used a cylindrical cutaneous electrode
with a conductive metal tip measuring 1 mm in
diameter. After positioning the probe and fur-
rowing the skin above the target nerve, specific
motor responses were sought. At the point of the
maximum motor response with the minimum
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amperage of the cutaneous probe (2 Hz, 0.2 ms),
the electrical nerve stimulator was switched off
and a stimulating needle (B. Braun, Melsungen,
Germany) was introduced through the probe and
directed towards the nerve. This procedure was
used initially on 7 patients. Since the nerves
were pre-located with a cutaneous electrode, the
needle was introduced in all cases with an initial
amperage of 0.5 mA (normally acceptable as an
endpoint). Only in one case was it necessary to
increase the needle amperage up to more than
0.5 mA. The target nerves were easily found
within a few seconds of starting the cutaneous
exploration with the surface electrode.

The minimal percutaneous stimulation cur-
rent expressed in mA is directly related to the
measured depth of the needle (beyond the tip of
the probe). The maximum depth to which the
needle was inserted in these patients was 2 cm.
In this way, the technique is more useful for
superficial nerve or plexus blocks, including
brachial plexus blocks, midhumeral blocks,
wrist blocks, femoral nerve blocks, popliteal
blocks and posterior tibial nerve blocks.

A further breakthrough in ENS has been made
by the studies of Urmey and Grossi on the
combined and sequential use of stimulation
waves. In fact, by generating a sequence of
stimulations, it proves possible to modulate the
approach of the needle to the target nerve. This
procedure is called sequential electrical nerve
stimulation (SENS). It uses a sequence of stimuli
of varying duration including not only careful
stimulation at 0.1 ms but also stimulations of
longer duration (0.1, 0.3 and 1.0 ms generated
with a frequency of 3 Hz). At greater distances,
only impulses of long duration will bring con-
traction of the muscles, while impulses of
0-1 ms duration will induce a motor response
only when the needle is close to the nerve. The
result is that only the presence of all the stimuli in
succession will indicate that the needle is in the
immediate vicinity of the target nerve structure.

This system is currently under study, but
would appear to be an additional aid for the
accurate location of the nerve structures with the
maximum safety and efficacy; it affords reliable

visual feedback regarding the position of the
needle and reduces the need to vary the settings
of the electrical nerve stimulator during the
nerve location phase.

5.6.10 Ultrasound-Guided Regional
Anesthesia

With the aid of ultrasound techniques, it proves
possible to visualize not only the correct posi-
tioning of the needle close to the target nerve,
but also the spread and distribution of the local
anesthetic around the nerve, thus reducing the
drug dose necessary for performing the nerve
block.

Whenever a perineural catheter is positioned,
one should assess whether the catheter is placed
correctly in relation to, and in the vicinity of, the
nerve to be blocked.

Lastly, it is possible to avoid the most com-
mon complications, including the intravascular
administration of anesthetic, epidural or sub-
arachnoid puncture, haematoma formation as a
result of accidental vascular puncture and nerve
injury.

Ultrasound guidance is useful for facilitating
the execution of peripheral and central blocks
and affords direct visualization of the target
point, the adjacent structures and the spread of
local anesthetic.

The advantages also include a reduction in
the complication rate and the rapid onset of the
block. In addition, the use of ultrasound may
make it possible to modify and adapt pre-exist-
ing techniques on the basis of the direct ana-
tomical evidence.

Although regional anesthesia has become
increasingly safe over the years, we are wit-
nessing a growing number of reports regarding
the complications of regional techniques
(haematoma, neuropathic pain, puncture of the
dura mater, etc.). In recent years, many authors
have suggested that the use of ultrasound may
permit better location of the peripheral nerves,
by improving the technique and its application
and reducing side effects.
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5.6.11 Execution Technique

To achieve appropriate image resolution for the
execution of a nerve block, it is necessary to use
high-impedance ultrasound probes.

Most nerve blocks require frequencies rang-
ing from 10 to 14 MHz. Broadband transducers
with a 5-12 MHz or 8-14 MHz band afford
excellent resolution of the superficial structures
in the higher frequency range and good pene-
tration depth at lower frequencies. Linear probes
are known to be more efficacious as a means of
representing peripheral nerve anatomy. Modern
ultrasound software, moreover, enables the
technical limitations of the procedure to be
overcome with the aid of computerized pro-
cessing capable of enhancing the quality of the
images obtained.

The connective tissue within the nerve fibres
reflects the ultrasounds in an anisotropic man-
ner: the angle and intensity of the reflection
depend on the angle at which the ultrasound
beam meets the longitudinal axis of the nerve.
Consequently, linear transducers with a parallel
emission band are more advantageous than those
with divergent sound waves.

Recent studies have demonstrated the advan-
tages afforded by the use of ultrasonography in
regional anesthesia as compared to conventional
techniques based on the use of electrical nerve
stimulators and loss of resistance.

The positioning of the needle can be done
without evidence of muscle contraction pro-
voked by the electrical nerve stimulator, which
is a distinct advantage for patients with limb
problems (fractures) that limit their range of
movement and for amputees. In addition, the
ability to visualize accessory nerve branches not
otherwise capable of being located with the
classic techniques guarantees the possibility of
optimal anesthetic planning with the possible
use of tourniquets.

An advantage is also obtained as compared
with the classic technique in patients with ana-
tomical variants, in obese patients and in those

with a long history of diabetes or peripheral
neuropathy.

The use of ultrasound in nerve blocks was
described for the first time by La Grange et al. in
1978 where ultrasound was used for supracla-
vicular brachial plexus blocks.

Clearly, an optimal distribution of local
anesthetic around the nerve is indispensable for
the success of the procedure. With the ultra-
sound-guided approach, the distribution of the
anesthetic solution around the nerve can be
observed. Ultrasound guidance also provides
information about the anatomical relationships
between the nerve structures themselves and the
surrounding vascular structures, thus reducing
the possibility that some of the most feared
complications may occur, namely intraneural
and intravascular injection.

In addition, we should consider that the
amount of drug used can be reduced as a result
of the direct visualization of its distribution,
which is a particularly important factor in the
case of multiple blocks.

Another advantage reported in the literature
is the possibility of repeating the block if this
should prove necessary.

Ultrasound guidance has furnished apprecia-
ble advantages in the execution of nerve blocks
of both the upper and lower limbs. For example,
in the case of supraclavicular brachial plexus
blocks, a reduced risk of pneumothorax and a
more rapid execution of the block have been
reported. In the case of the use of US guidance
for the execution of anesthetic blocks of the
lower limb, easier identification of the sciatic
and popliteal nerves has been reported.

Ultrasonography, thanks to the possibility of
visualizing the patient’s anatomy, makes regio-
nal anesthesia techniques safer in the case of
patients presenting anatomical variants or alter-
ations in the area involved in the execution of
the block and permits the direct visualization of
the devices used in regional anesthesia, such as
needles or perineural catheters, thus optimizing
their use and making it safer.
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Supraclavicular Brachial Plexus Block

Techniques

F. Alemanno

If there are many ways of performing the same operation, that means than none of
them is really just what the doctor ordered.

6.1 A Little Bit of History

What we mean by the term “supraclavicular
techniques” is those techniques whose entry
point is located above the clavicle, be it in the
immediate vicinity of the latter (these are mainly
perivascular techniques such as the Kulenkampff
technique) or closer to the vertebral column
(such as Kappis posterior approach or Winnie’s
interscalene technique).

The supraclavicular brachial plexus block
techniques are the most complete form of
regional anesthesia of the upper limb, their
efficacy extending from the shoulder to the hand.

It is no accident that historically, of the first
three brachial plexus blocks, two were per-
formed at a level above the clavicle, namely the
Kulenkampff technique (1911) and Kappis pos-
terior approach (1912), the exception being
Hirschel’s axillary approach (1911).

1911 was an exceptional year for regional
anesthesia of the upper limb; it was the year that
witnessed the advent of the two most important
percutaneous brachial plexus block techniques,
that is to say Hirschel’s percutaneous axillary
block and, a few months later, Kulenkampff’s
supraclavicular block.

F. Alemanno (IX)

Institute of Anesthesiology, Resuscitation and Pain
Therapy, University of Verona, Verona, Italy
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Since 1911, that 1is, when Dietrich
Kulenkampff, a physician working at the Royal
Hospital in Zwickau, Germany, described his
technique, Die Andsthesierung des
brachialis (Anesthesia of the brachial plexus)
destined to remain a basic reference work for
several generations of anesthetists, many other
methods have been proposed, with variable
popularity ratings and often short-lived in their
diffusion and application.

Kulenkampff conceived and developed a
technique, which the First World War promoted
in the field. Despite the risk of pneumothorax, it
long remained the most commonly performed
technique, albeit with a number of variants, up
until 1970, when Winnie introduced his inter-
scalene block technique. Kappis technique did
not enjoy the same measure of success, because
it was too painful for the patient, and presented
the additional risk of subarachnoid injection or
injection into the vertebral artery. Also Santoni’s
similar technique, which appeared 4 years later,
failed to solve the problems, possibly multiply-
ing them fivefold by inserting the needle at five
different points. It was thanks to the work of
Pasquale Pippa that this approach was subse-
quently revised and re-proposed according to
modern concepts and methods.

However, in the half century following the
advent of the Kulenkampff technique, the risk of
pneumothorax prompted many anesthetists to
favour Hirschel’s axillary block, which was
undoubtedly safer, even if more limited as regards
the extent of the territory to be anesthetized.
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Winnie’s interscalene technique, when it was
first introduced in 1970, found favour with many
anesthetists because it solved the problem of
what was the most feared complication, namely
pneumothorax. His great merit was that he
emphasized and publicized the concept of the
anatomical space constituted by the neurovas-
cular bundle. The technique presents the risk of
subarachnoid injection or injection into the
vertebral artery. Accidental puncture of the
vertebral artery, particularly in young subjects,
can cause spasm of the vessel with aspiration of
a small amount of blood. With the injection of
the anesthetic, however, the spasm is resolved
and there is a risk of producing local anesthesia
of the brain via the basilar artery, which is the
clinical equivalent of an intravenous injection of
thiopentone, with, in addition, the risk of
convulsions.

Brown’s plumb-bob method appeared on the
scene in 1993. This is an attractive technique
and is apparently easy to perform; it presents a
potential risk of pneumothorax with an inci-
dence, as reported by the author, ranging from
0.5 to 5 % (in expert hands, the incidence is at
the low end of the range). Another possible
complication is block of the phrenic nerve.

Alemanno’s technique came in the wake of
personal experience of two cases of pneumo-
thorax (both in the space of a week) in the
‘seventies, and an injection of 2 ml of mepiva-
caine into the vertebral artery in the ‘eighties.

The idea is to cannulate the neurovascular
bundle with the needle directed roughly from the
midpoint of the clavicle towards C7, thus taking
a horizontal or slightly rising path.

For this reason, the risk of pneumothorax is
obviated, as is that of accidental subarachnoid
injection or injection into the vertebral artery on
account of the safe distance between the entry
point and the vertebral column.

Kulenkampff, Kappis, Winnie, Brown, etc...
but what about before? It all began in the early
1880s with the use of cocaine as a surface
anesthetic by the Viennese ophthalmologist Karl
Koller at a suggestion of Sigmund Freud, and
with his collaboration.

The anesthetic was applied by instillation
onto the conjunctiva for the performance of
minor surgery. The communication regarding
this use of cocaine as an anesthetic was made at
the Heidelberg Congress of Ophthalmology on
15 September 1884; this was followed by a
practical demonstration in corpore viri (what we
would nowadays simply call a workshop)
instilling 20 % cocaine onto the conjunctiva of a
volunteer.

Dr. Noyes, an American, on returning to New
York after the congress published a report on the
matter in The Medical Record in October 1884.
The news spread rapidly and this was followed
by extensive use of the procedure which gave
rise to a substantial consumption of cocaine,
with a consequent rise in price from 2.5 to 6.5
dollars per gram. The drug had previously been
used, from the pharmaceutical point of view,
only in what was called Vin Mariani (Mariani’s
coca wine) for helping alcoholics to kick their
drinking habit. Alcohol addicts were happy to
abandon alcohol and rapidly replace it with the
new beverage!

In November 1885, William Stewart Halsted,
a surgeon working at the Roosevelt Hospital in
New York performed the first nerve block of the
cutaneous branch of the ulnar nerve under direct
vision on his assistant, John Hall, who volun-
teered to undergo the procedure. Various other
anesthetic block techniques (under direct vision)
were performed on various nerves; in addition to
the ulnar nerve, other nerve structures were
targeted including the pudendal nerve, the pos-
terior tibial nerve and the brachial plexus via the
supraclavicular route; in the latter case, 0.5 %
cocaine was injected directly into the plexus.
The incision used in order to reach the plexus
was made along the line running from the mid-
point of the posterior border of the sternoclei-
domastoid muscle to the midpoint of the clavicle
after infiltrating it with 0.1 % cocaine using a
syringe with a long, thin needle. In practice, this
was actually a minor surgical operation so as to
be able to administer regional anesthesia for the
purposes then of performing further surgery.
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Since the supraclavicular brachial plexus
block techniques are very numerous (numbering
more than 20), we will confine our attention to
describing those which in our opinion have been
characterized by a greater measure of notoriety
and/or success.

6.2  Kulenkampff

Those who see things grow from the very begin-
ning will see them in the most perfect way.

Aristotle

Georg Hirschel in 1911 had just described his
percutaneous axillary block when, a few months
later, Dietrich Kulenkampff published his per-
cutaneous supraclavicular block technique.

Fig. 6.1 This historic photo clearly shows that, owing to
the direction of the needle, the possibility of causing a
pneumothorax is very real (by courtesy of Winnie A.P.:

Just as Horace Wells had experimented on
himself the anesthetic action of nitrous oxide to
relieve the pain of a dental extraction, so Ku-
lenkampff experimented on himself the tech-
nique that he then went on to describe and
publish, by self-injecting 5 ml of procaine in
order to unequivocally understand its effects.
After obtaining what was obviously only a par-
tial anesthesia with 5 ml, he then went on to use
the technique in clinical practice in his patients,
injecting 10 ml initially and 20 ml a few years
later, in order to achieve a more complete block
of the brachial plexus.

6.2.1 Patient Position

Seated with the head slightly turned to the
opposite side (Fig. 6.1).

Tecniche Perivascolari di Blocco del Plesso Brachiale,
Verducci Editore, Roma 1984)
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6.2.2 Landmarks

1. The pulse of the subclavian artery.
2. The midpoint of the clavicle.

6.2.3 Technique

The puncture is performed laterally to the pulse
of the subclavian artery and posteriorly to the
midpoint of the clavicle, where the two direc-
tions, lateral and posterior, intersect. A thin
4 cm needle is directed caudad posteriorly and
medially in relation to the spinous process of T2.

After eliciting the paraesthesia, 20 ml of 2 %
procaine is injected. If no paraesthesia is elicited
and the needle reaches the first rib, it must be
withdrawn and reintroduced more medially,
closer to the subclavian artery until paraesthesia
is elicited. The anesthetic should not be injected
before eliciting well-defined paraesthesia.

But above and beyond any more or less
successful explanation, no better description can
be provided than the actual first-hand account of
the author himself. To this end, we include here
below the translation from the German of
Kulenkampft’s original article along with the
original title page in German (Fig. 6.2).

From the Royal Hospital of Zwickau
Director: Professor H. Braun

Anesthesia of the brachial plexus

Dr. D. Kulenkampft
Hospital physician

The recent presentation by Dr, Hirschel
regarding anesthesia of the brachial plexus
by means of the percutaneous injection of a
solution of novocaine-suprarenin prompts
me to report here and now on the research I
have been undertaking in the same direc-
tion. Hirschel has attempted to block the
plexus by depositing a bolus of anesthetic
at the axillary level. Much more suitable
and important for reaching the plexus with
a needle without having to fear side effects
and complications, however, is the point

where the plexus emerges, laterally to the
subclavian artery, from the interscalene
space and comes to rest on the first rib.
Percutaneous anesthesia of nerve trunks is
feasible as a rule only if the position of the
nerve is defined by bony landmarks capa-
ble of serving as a guide to the needle. The
sketch reported shows the position of the
brachial plexus in relation to the subclavian
artery, the clavicle and the first rib, corre-
sponding approximately to the midpoint of
the clavicle. At this point, even in obese
subjects, the nerve trunks are directed
towards the arm, just beneath the skin, and
in very closely packed bundles. As the
position of the needle is delimited medially
by the subclavian artery which can be
easily palpated in all individuals, anteriorly
by the clavicle and inferiorly by the first
rib, the nerves can be reached easily and
safely, avoiding the subclavian artery.
Moreover, at this point the needle is posi-
tioned in the loose connective tissue of the
interscalene fossa, where the anesthetic
solution spreads easily. We can therefore
expect good efficacy as a result of the
injection of small amounts of anesthetic.

The injection technique, the course of
the procedure and the observations made
in experimentation with brachial plexus
anesthesia on myself and in surgery on
patients are as follows:

First of all, the subclavian artery is
localized with the patient possibly in the
seated position. This artery is easily
detected by means of light palpation. With
the patient’s head slightly tilted, in many
patients the artery is visible, as, moreover,
is the interscalene fossa. Almost invari-
ably, this will be the point where an
extension of the course of the external
jugular vein intersects the clavicle.
Immediately lateral to this landmark and
abutting upon the upper edge of the clav-
icle a skin wheal is produced to mark the
needle insertion point. A thin needle about
4 cm in length is inserted deep. It is not
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Lentralblatt fir Chirurgie

herausgegeben von

K. GARRE, G.PERTHES, E.RICHTER,

in Bonn, in Tiibingen, in Breslau.
38. Jahrgang.
VERLAG von JOHANN AMBROSIUS BARTH in LEIPZIG.
Nr. 40. Sonnabend, den 7. Oktober 1911.
Inhalt.

D. Kulenkampff, Die Anfsthesierung des Plexus brachialis. (Originalmitteilung).

1) Versammlung des nordischen chirurgischen Vereins in Stockholm. — 2) Krause u. Garré,
Therapie innerer Krankheiten. — 3) Afevoll, Chirurgische Diagnostik. — 4) Roussy v. Ameulile,
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helm, Organoskopie. — 13) De Paoll, Kriifligung der Widerstandsfihigkeit des Bauchfells. —
14) Wolff, 15) Sissojelf, 16) Lewit, 17) Bertels, 18) Phillp, 1¢) Fabricius, 20) Carcaterra,
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mer, 32) Marcinkowskl, 33) Gross, 34 Mayo, Zur Chirurgie des Magens und Duodenum. —
35y Calderara, Gastroenterostomie. — 36) Razzabonl, Enteropexie. — 37) Walzberg, Zur Ka-
sulstik der Erkrankung des Nahrungskanals, — 34) Jakob, Appendikostomie. — 39) Casabona,
i) Boeckel, 41} Ladd, lleus. — 42) Rochard, Lymphadenome des Darmes. — 43) Waldenstréom,
44) Lubelsky, Dickdarmkrebs. — 45) Konjetzny, Hirschsprung'sche Krankheit. — 46) Clechomskl,
Melanosarkom des Mastdurms. — 47) Keynsk!, Mesenteriitis fibrosa. — 48) Lindstrdm, 49) Jo-
hannsen, Zur Milzchirurgie. — 50) Radzlewskl, Pankreaschirurgie.

Aus dem Koniglichen Krankenstift zu Zwickau.
Direktor; Prof. Dr. H. Braun.

Die Anisthesierung des Plexus brachialis.
Von
Dr. D. Kulenkampff,

Anstaltsarzt.

Hirschel st kiirzliche Mitteilung iiber die Andsthesierung des Plexus brachia-
lis durch perkutane Injektion von Novokain-Suprareninlosung veranlaBt mich,
fiber meine eigenen, in gleicher Richtung angestellten Versuche schon jetzt zu be-
richten. Hirschel hat den Plexus unter Zuhilfenahme von Stauung in der Achsel-
hithle zu unterbrechen gesucht. Weit geeigneter zum Treffen mit einer Hohl-
nadel, ohne daB man Nebenverletzungen zu befiirchten braucht, ist aber die
Stelle, wo der Plexus nach aufen von der Arteria subclavia aus der Scalenusliicke
heraustritt und der ersten Rippe aufliegt. Denn die perkutane Anésthesierung
von Nervenstammen ist in typischer Weise in der Regel nur dann sicher ausfithrbar,
wenn die Lage des Nerven durch Knochenpunkte fixiert ist, welche der Hohlnadel
als Fiihrung dienen konnen. Aus umstehender Skizze ergibt sich die Lage des
Plexus brachialis zur Subclavia, zum Schliisselbein und zur ersten Rippe. Sie
entspricht ungefihr der Mitte der Clavicula. Hier ziehen auch bei fetten Menschen
verhiltnismibig dicht unter der Haut und eng aneinander gelagert die Nerven-

1 Miinchener med. Wochenschrift 1911, Nr. 20,

40

Fig'. 6.2 Original title page of the Zentralblatt fiir — Gualtiero Bellucci: Storia della Anestesiologia. Piccin
Chirurgie Nr. 40, 7 October 1911, with the original Editore, Padova 1982)
article by Kulenkampff on the first page (by courtesy of



60

F. Alemanno

necessary to press the needle in as far
as the first rib. The latter simply represents
the lowest point that can be reached.
On the other hand, however, it is impera-
tive that the needle should encounter one
of the nerves of the arm. Only then will the
needle tip lie at the right depth. On
touching the nerve trunks, paresthesias and
motor reactions are radiated, but no pain is
experienced, as I myself was able to con-
firm. If the direction of the needle is cor-
rect, paresthesias will be manifested when
the needle has pierced the skin and the
superficial and deep fasciae. On no
account should one inject the anesthetic
before paresthesias have radiated to the
arm. The anesthetic solution immediately
deprives the nerve trunks of all sensitivity
making any proper orientation impossible.
A number of instances of anesthesia set-
ting in late and with only a partial effect
have taught us that one must above all
avoid pressing the needle too low. Com-
plete success depends exclusively on the
injection technique, as we have been able
to observe in cases in which the procedure
was applied twice.

At this point, the first rib, which is
particularly wide and flat, runs cephalad
and in an almost perfect antero-posterior
direction. The needle therefore needs to be
inserted in a slightly medial and posterior
caudal direction, more or less as if one
were aiming to run up against the second
or third thoracic spinous process. The
plexus is thus reached at a depth of
approximately 3 cm. The first rib lies at a
slightly lower level. If one runs up against
the first rib without touching the plexus,
the needle will certainly have been direc-
ted too laterally for fear of damaging the
subclavian artery. The needle thus needs
to be directed more medially until the
paresthesia occurs. In adults, we inject
10 cc. of a 2 % solution of novocaine-
suprarenin with the usual low suprarenin
content of the Novocaine-Suprarenin A

tablets manufactured by the Hochster
Farbwerke company. Five cc. are sufficient
in children. With a 1 % solution we
achieved complete anesthesia in one case
and a total failure in another. If the anes-
thesia is retarded in certain nerve areas,
the effect can be speeded up by means of
light massaging at the injection site.
Paralysis generally sets in immediately
after completing the injection and always
progresses in the same manner. Initially,
the patient perceives a strong heat sensa-
tion throughout the arm and in the space of
only a few minutes the area of the nerve
stimulated with the needle becomes com-
pletely numb. Almost simultaneously, the
cutaneous area innervated by the muscu-
locutaneous nerve in the ulnar and pos-
terior part of the forearm is anesthetized.
The whole of the arm becomes heavy and
rapidly loses strength, and the flexion
movements of the arm become ataxic. In
our cases, anesthesia was established after
15-30 min in the entire arm, with the
exception of a triangular area over the
deltoid muscle. A strong paresis of all
the arm muscles and part of the muscula-
ture of the shoulder was observed. In the
experiment on myself, I was no longer
able to open a door. In some patients the
fingers, but also the entire arm, were
completely paralyzed. The lateral wall of
the armpit was almost always completely
insensitive. The small area served by the
intercostobrachial nerve and the medial
wall of the armpit were anesthetized only
in a few rare cases. Furthermore, as in the
Heidenhain experiment, the entire arm was
hyperemic. The anesthesia generally lasted
an hour and a half, and as much as 2-3 h
in some cases. Pain at the level of the skin
wound generally started to manifest itself
only half an hour after the return of
sensitivity in the other skin areas. The
injection site itself created no problems. I
know from my personal experience and
from the patients I have questioned in this
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connection, that the only pain, which
cannot really be regarded as such, is that
due to the initial skin wheal.

We experimented with the procedure in
25 cases. In 23 patients a hemostatic
tourniquet was applied in a proximal
position and created not the slightest
problem. In one case, about an hour after
the start of the surgery, we had to remove
the tourniquet because the patient com-
plained of pain due to pressure. In two
cases, it didn’t need to be used, the anes-
thesia in any event being complete. In
three cases we were able to perform a
disarticulation at the level of the elbow in
the total absence of pain.

It was possible to detect the nerve
trunks and transect them as usual without
any kind of painful reaction. We reduced a
supracondylar fracture of the humerus
almost painlessly in a boy, even though
the injection was not perfectly successful
owing to the use of a defective syringe.
After as little as 10 min the elbow move-
ments that caused the boy a great deal of
acute pain no longer produced a reaction,
and X-rays were easily obtained. The other
cases consisted in phlegmons of tendon
sheaths, hand and forearm wounds, and
one case of a dislocated fracture of the
radius, in which the friction between the
two fracture stumps was completely
painless.

In three cases we had to administer
three cc. of ether, in two of them because
we failed to wait long enough and once in
the above-mentioned third case in which
we removed the hemostatic tourniquet.
This was a case of mycosis of the flexor
tendon sheath, in which the skin suture
was no longer completely painless. The
most reliable indicator that anesthesia has
been achieved, in addition to the surgery
itself, is the patient’s ability to support the
hemostatic tourniquet. The fact that, in
some cases, the hemostatic tourniquet did
not cause pain, despite not all the skin

areas being anesthetized corresponds to
Bier’s observation regarding intravenous
anesthesia. Bier noted that, in the context
of direct anesthesia, the large nerves were
insensitive before total insensitivity set in
in the areas of indirect anesthesia. Sensi-
tivity tests do not yield reliable results,
particularly in our patient population.
Moreover, at the level of the upper part of
the arm, the area of influence of the cer-
vical nerves (nerves of the superficial
cervical plexus, Editor’s note), which,
however, can be easily anesthetized in
case of need by means of subcutaneous
injection of anesthetic, varies very con-
siderably. Sometimes the evaluation is
made more difficult by the occurrence of
hypoanesthesia in some cutaneous areas,
which, in any event, is amply sufficient for
the surgery. We observed this in some
cases in which the puncture and cutting
were perceived as a slight burning sensa-
tion. The same findings were also reported
by Lawen.

The results of our study are therefore as
follows: in 15 cases we achieved total
anesthesia and sometimes also paralysis of
the whole of the arm. In 5 cases there was
hypoanesthesia in some cutaneous areas,
but sufficient for the surgery, and anes-
thesia of the remaining operating field. In
5 other cases some cutaneous areas were
not anesthetized. The first of these cases
refers to the self-experimentation in which
I injected myself with only 5 cc., which is
insufficient in an adult. In the second case
we made an attempt with a 1 % solution.
The other three cases referred to the first
experiments of other authors and attempts
to achieve the best direction of the needle.
This also explains the 4 cases in which it
proved necessary to inject an additional
10 cc. to obtain complete anesthesia.

Summarizing our experience, then, we
can say that if a thin needle is inserted in
the manner described here above and a
radiating paresthesia is obtained, the
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injection of 10 cc. of a 2 % solution
induces safe anesthesia in the whole of the
arm. In the proximal third of the arm the
spread of the anesthetic varies according
to the extent of the supraclavicular nerves
and the influence (generally limited) of the
intercostobrachial nerve. In case of need,
both of these can be easily excluded with a
subcutaneous ring injection of the whole
arm. Once anesthesia has been obtained, in
all cases we apply a hemostatic tourniquet,
which, if placed in the vicinity of the area
anesthetized, creates no problems. To
speed up the onset of anesthesia, in the last
two patients, I used the same amount of a
3 % solution. In these two cases it was
possible to apply the hemostatic tourniquet
after 7 and 8 min, respectively.

I therefore believe that anesthesia of the
brachial plexus according to the technique
outlined here above represents a typical
method which is safe and easy to perform
even after only a few attempts. I would say
that the experimentation on myself pro-
vides sound evidence of this. The anes-
thesia is useful in all forms of upper limb
surgery as far up as the shoulder. I have
not yet had the opportunity to experiment
with the procedure in cases of dislocation
of the shoulder. For operations on the arm
general anesthesia has become almost
entirely, and venous anesthesia entirely
superfluous.

It is curious that every author who has
described this technique has done so, making
changes to some part or parts of it, either in the
form of modifications made by Kulenkampff
himself in his subsequent publications or by
endowing the description with minor additional
expedients, each on the basis of his own point of
view and experience. This, of course, has hap-
pened for other techniques such as, for instance,
the Mulley technique, which, as we shall see,
was modified by Hilarowicz.

6.3 Labat Technique (1922)

In the first edition of his book entitled Regional
Anesthesia, published by Saunders and Co. in
1922, Labat described his brachial plexus block
technique.

6.3.1 Patient Position

The position is supine with the arm extended
down alongside the body and with the shoulder
lowered in order to rotate the clavicle caudad
and thus bring the brachial plexus closer to the
surface.

6.3.2 Landmarks

1. The pulse of the subclavian artery.
2. The midpoint of the clavicle.

6.3.3 Technique

A skin wheal is induced lateral to the pulse of
the subclavian artery, 1 cm above the midpoint
of the clavicle. If the subclavian artery pulse
cannot be palpated, the skin wheal is simply
induced 1 cm above the midpoint of the clavicle.

The patient is instructed to report the par-
aesthesia when it occurs.

A 5 cm needle is inserted via the skin wheal
and is directed caudad and slightly medially
towards the first rib. If no paraesthesia occurs,
after 3 cm, the needle will come into contact
with the first rib; in that case, it must be with-
drawn and reinserted in a slightly different
direction until paraesthesia occurs; when the
latter occurs, 10 ml of anesthetic solution are
injected. If no paraesthesia is elicited, it is better
not to insist and to deposit the first 10 ml bolus
at the level of the first rib.

This first injection, in some ways similar to
the Kulenkampff technique, was followed by a
second injection, this time orientating the needle
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towards Chassaignac’s tubercle, on reaching
which 5 ml of anesthetic is injected.

Lastly, a third injection is performed, rein-
troducing the needle towards the lateral edge of
the first rib where another 5 ml of anesthetic is
injected.

To obtain a complete block of the shoulder,
Labat, in addition, advised performing a subcu-
taneous infiltration of the clavicular border and
the acromion and a fan-wise infiltration of the
thoracic wall of the axilla in order also to an-
esthetize the intercostobrachial nerve.

6.4 Bonica and Moore Technique

(1949)

This is a variant of the Kulenkampff technique,
with the addition of two supplementary needle
insertions: one in a slightly anterior direction in
relation to the first, and the other in a slightly
posterior direction.

6.4.1 Bonica’s Description

6.4.2 Patient Position

Supine with a small, firm roll between the
shoulder blades so as to hyperextend the head.

The head is turned to the opposite side, and
slight caudal traction is applied to the limb to be
anesthetized.

6.4.3 Landmarks

1. The pulse of the subclavian artery.
2. The midpoint of the clavicle.

6.4.4 Technique

After inducing a skin wheal posterolateral to the
pulse of the subclavian artery, a 5 cm 22-G
needle is introduced and directed caudad, dor-
sally and medially towards the spinous process of
T3. The needle is advanced slowly until

paraesthesia is elicited, and in any case should
not be advanced more than 3 cm. At this depth,
the needle tip should come into contact with the
first rib. At this point, if no paraesthesia has been
elicited, the needle must be withdrawn as far as
the subcutaneous tissue and reinserted until par-
aesthesia is registered. When this happens, taking
great care to ensure that there is no further
shifting of the needle, and after aspiration, 10 ml
of anesthetic solution is injected. The needle is
then advanced again as far as the first rib and
another 10 ml of anesthetic is injected during the
withdrawal of the needle as far as the fascia and
not into the subcutaneous tissue. Immediately
after this, the needle is inserted again 1 cm more
medially and therefore closer to the subclavian
artery, the pulsations of which can be seen or
perceived on the needle. With the needle in
contact once again with the first rib, as before,
another 10 ml of anesthetic is injected during
withdrawal of the needle. The last needle inser-
tion is performed 1 cm posterolaterally to the
first. If paraesthesias are registered during these
reinsertions, the progress of the needle is arrested
and 5 of the scheduled 10 ml of anesthetic are
injected. If this technique is executed with all due
care, the brachial plexus can be blocked with
40 ml of anesthetic solution.

If a haemostatic tourniquet is applied or if the
surgery is to be performed on the arm or
shoulder, a subcutaneous collar infiltration of the
axillary and acromial areas is recommended in
order to block the intercostobrachial nerve and
the terminal branches of the cervical plexus,
respectively.

6.4.5 Moore’s Description

The patient is in the supine position, without a
pillow under the head, which is turned to the
opposite side.

The patient is asked to raise his head a few
cm above the stretcher to show the clavicular
head of the sternocleidomastoid muscle and,
posterior to this, the anterior scalene muscle the
position of which is marked X immediately
above the clavicle. The X is 1.5-2 c¢cm from the
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lateral border of the clavicular head of the ster-
nocleidomastoid muscle. Laterally to the X lies
the pulse of the subclavian artery which must be
regarded as the main landmark. A skin wheal is
produced at the point marked X. A 3-5 cm 22-G
needle is connected to a 10 ml syringe filled
with anesthetic solution. The needle is intro-
duced via the skin wheal and directed caudad,
slightly tilted posteriorly and medially. If par-
aesthesias are evoked, the progress of the needle
is arrested, and after aspiration, 5 ml of anes-
thetic solution is injected and another 5 ml after
rotating the needle through 180°. The needle is
advanced, albeit with the syringe empty, as far
as the first rib; the empty 10 ml syringe is
replaced by a full one and its contents are
delivered a little at a time during withdrawal as
far as the fascia. It is important to observe
carefully the depth at which the needle comes
into contact with the first rib and to keep this as a
reference point beyond which the needle should
not be advanced in the subsequent insertions in
attempts to elicit paraesthesia. To elicit paraes-
thesias, the needle may be directed in a slightly
anterior direction or in a posterior direction. It
must not be directed in a lateral or medial
direction, because, in both cases, the pleura may
be perforated, laterally between the first and
second rib, and medially, perforating the dome.
In an anterior direction, if the needle is advanced
just a little at a time, the anesthetist can stop as
soon as he feels the needle start to slip on the
edge of the rib; in the posterior direction, in
practice, there is no danger of perforation
because the needle slips beyond the rib angle
and ends up in the muscular territory outside the
rib cage.

Five ml of anesthetic solution is injected
whenever paraesthesia is elicited, and after
rotating the needle through 180°, another 5 ml is
injected. Once the block has been completed,
vigorous massaging of the supraclavicular
region will facilitate the spread of the anesthetic.
If a haemostatic tourniquet needs to be applied
to the upper part of the arm or surgery is to be
performed on the medial or superomedial part of
the forearm, a “bracelet” block of the axilla and
anterior part of the arm (between the biceps and

deltoid muscles) must be executed in order to
anesthetize the medial cutaneous nerve of the
arm, the medial nerve of the forearm and the
intercostobrachial nerve.
Dosage: from 30 to 50 ml of I % lidocaine or
mepivacaine.
Complications:
e pneumothorax, reported in 0.5—4 % of cases;
e block of the phrenic nerve in 40-60 % of
cases;
¢ Bernard-Horner syndrome in 70-90 % of
cases.

6.5 Winnie and Collins Subclavian
Perivascular Technique (1964)
6.5.1 Patient Position

The patient lies supine with the head slightly
turned to the opposite side. To lower the
shoulder in this position, the patient is asked to
stretch forward and touch the ipsilateral knee
with the fingers of one hand. It would be better,
if possible, to have another operator apply trac-
tion to the limb, otherwise the voluntary
manoeuvre may subject the shoulder and neck
muscles to traction with reduced palpability as a
result.

6.5.2 Landmarks

In order to highlight the clavicular head of the
sternocleidomastoid muscle, the patient is asked
to raise his head. After using the dermato-
graphic pencil to trace the transverse line of the
neck starting from the cricoid cartilage, the
anesthetist places his finger behind the lateral
border of the sternocleidomastoid muscle at the
point where the latter is crossed by the cricoid
transverse line. This point corresponds to
Chassaignac’s tubercle, as the anterior tubercle
of the transverse process of C6 is called. The
finger thus positioned behind the lateral border
of the sternocleidomastoid muscle touches the
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anterior scalene muscle. Maintaining slight
pressure and sliding the finger posterolaterally,
the finger will feel the interscalene groove
between the anterior and middle scalene mus-
cles. At this point, the finger is slid along the
groove in a caudad direction. The step formed
by the omohyoid muscle that crosses the in-
terscalene groove at greatly variable levels is
encountered (Fig. 1.4). After overcoming this
obstacle, the interscalene groove can again be
felt and in many cases the pulse of the sub-
clavian artery can be palpated.

When the anesthetist’s finger arrives at the
end of the groove, both in the event that the
groove is crossed by a particularly low omohy-
oid muscle which therefore makes it difficult or
impossible to feel the pulse of the subclavian
artery, and, in the event that the pulse is palpa-
ble, once this incomprehensible muscle step has
been overcome, the exploratory movement of
the finger is arrested, but the finger remains in
position (Fig. 6.3).

6.5.3 Technique

A 35 mm 24-G needle is inserted immediately
above the finger and is directed caudad, neither
dorsally nor anteriorly nor medially. If the
direction is correct, the needle cone must
advance, remaining in contact with the skin
(Fig. 6.3). It is important to bear in mind that the
brachial plexus at this point is closer to the
middle than to the anterior scalene muscle,
which is closer to the subclavian artery. If,
during the insertion of the needle, paraesthesia
of the shoulder or a twitch attributable to the
supraspinatus and/or infraspinatus muscle
should occur, this means that the needle has
come into contact with the suprascapular nerve
arising from the primary superior trunk. This
contact is not reliable because the suprascapular
nerve, only a few mm from its origin, emerges
from the sheath of the neurovascular bundle and
it is impossible to establish whether it has been
stimulated within or outside of the sheath. Par-
aesthesias evoked at a level below the shoulder

(upper arm, forearm, hand) or twitches of the
deltoid, biceps or triceps muscles, etc., are valid.
If an electrical nerve stimulator is used, it is
good policy to perform an extensive prior dis-
infection as far down as the middle of the arm.
In this way, by resting the hand on the patient’s
shoulder one can clearly perceive the contraction
of the deltoid muscle without mistaking it for a
movement induced by contraction of other
scapular muscles.

If the subclavian artery is punctured, it means
that the needle has been inserted or directed
anteriorly and therefore needs to be reinserted a
little more dorsally.

Once the required twitch has been elicited,
1 ml of anesthetic is injected in order to test the
tissue resistance to injection and establish that
this is not intraneural (onset of shooting pain).
This is followed by injecting another 2-3 ml
which will result in a dull, troublesome pain,
generally affecting the entire arm due either to
pressure of the liquid or to cold stimulation
caused by the fact that the temperature of the
anesthetic on the nerve is generally room
temperature.

After performing the injection of the entire
amount of anesthetic scheduled, Winnie advises

vigorous massaging in a cranio-clavicular
direction to facilitate the spread of the
anesthetic.

The complementary block of the intercosto-
brachial nerve and the medial cutaneous nerve of
the arm is necessary when a haemostatic tour-
niquet needs to be applied. In this case, it is
sufficient to inject a few ml of anesthetic into the
subcutaneous tissue, medially to the axillary
pulse, at a point corresponding to the teres major
and to the aponeurosis of the latissimus dorsi
muscle.

6.6  Moorthy’s Block

In 1991, S.S. Moorthy of the Department of
anesthesia, Indiana University School of Medi-
cine, developed a technique apparently similar,
but actually substantially different from the
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Fig. 6.3 In the four-panel page of this figure, we wish to  inimitable (by courtesy of Winnie A.P.: Tecniche Periv-
present the original photos of Winnie’s book with ascolari di Blocco del Plesso Brachiale, Verduci Editore,
Buchoj’s magnificent drawings, the clarity of which is Roma 1984)
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Winnie and Collins perivascular subclavian
technique. Among other things, Moorthy seems
to have been one of the first to use ultrasound to
identify the vascular landmarks.

The author’s intention was to modify the
supraclavicular approach in order to avoid the
most serious complication, that is to say
pneumothorax.

6.6.1 Patient Position

The patient is placed in the supine position with
the back raised 5-8 cm for the purposes of better
exposing the clavicle and the sternocleidomas-
toid muscle. The arm is extended alongside the
body and the head is turned 45° towards the
opposite side to the one to be anesthetized.

6.6.2 Landmarks

An echo-Doppler probe is used to identify both
the subclavian artery at the supraclavicular level
and the axillary artery below the clavicle; the
two points are marked and connected by a
straight line segment that indicates the course of
the subclavian artery which later becomes the
axillary artery and which runs in the direction of
the axilla with an inferolateral course. At
supraclavicular level, the middle and upper
trunks of the brachial plexus are in a superolat-
eral position in relation to the artery (Fig. 2.5).

6.6.3 Technique

A skin wheal is induced with a small-calibre
needle, 2 cm above the clavicle and 1 cm lat-
erally to the straight line indicating the course of
the subclavian artery. At the same point, an 18-G
needle is introduced to a depth of a few mm,
making a larger breach in the dermis for the
purposes of facilitating the introduction and
penetration of a stimulating needle. A Teflon-
coated needle connected to an electrical nerve

stimulator is introduced via the same hole pro-
duced by the 18-G needle. The stimulator is set
at a current intensity of 0.5-0.2 mA and a fre-
quency of 2 Hz.

The needle is advanced caudad, laterally and
posteriorly to the course of the artery, and, in
practice, towards the axilla. When the needle tip
enters the neurovascular bundle, the motor
stimulation of the upper limb begins; once
stimulation of the deltoid or pectoralis muscles
is provoked, the needle is advanced further in
order to obtain, if necessary, muscle twitches at
the level of the forearm, wrist and fingers. When
appropriate twitches are elicited, the needle is
fixed and, after aspiration, the anesthetic solu-
tion is injected.

With the Moorthy technique, the needle is
directed laterally to the artery and does not come
into contact with the first rib. Moreover, with
this technique, the subclavian and axillary
arteries are located with a Doppler probe. Any
difficulties encountered in inducing a motor
response are generally due to an excessively
anterior position of the needle. In this case, the
needle must be withdrawn and reintroduced with
a more posterior path.

6.7 Parascalene Techniques

6.7.1 Posterior Approach

Kappis Technique

In April 1912, Kappis published his paraverte-
bral block technique for all somatic nerves,
including, as far as we are concerned, the cer-
vical nerves. At this latter level, to avoid punc-
turing the vertebral vein or artery, the needle
was directed laterally to the semicanals of the
transverse processes.

The entry point of the needle was 3 cm lat-
erally to the spinous process of C6.

After inducing a skin wheal, a 10 cm needle
was advanced about 4 cm in a slightly medial
direction in order to reach the articular process.
Sliding the needle laterally to this process, it
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arrives at the transverse process of C6 which, if
palpable from the outside, is indicated by the
index or middle finger of the anesthetist’s other
hand. On coming into contact with the apophysis
of the transverse process, 5 ml of anesthetic
solution is injected after aspiration. The needle
is then withdrawn as far as the subcutaneous
tissue and reinserted, slightly changing its
inclination, in the direction of another articular
process and then of the corresponding transverse
process, repeating the procedure.

If the patient is so muscular that palpation of
the transverse processes proves impossible, once
the articular process is reached, the needle is
advanced laterally about a further 1.5 cm before
injecting the anesthetic solution.

World War I, which afforded the opportunity
to implement all the anesthetic techniques hith-
erto available, promoted the Kulenkampff tech-
nique in the field despite its defects, whereas the
Kappis technique was little used because its
execution was judged to be too painful for the
patient.

6.7.2 Santoni Technique

In 1918, Santoni proposed a technique similar to
the Kappis technique, which differed from the
latter in that the needle was introduced via dif-
ferent cutaneous skin wheal metamere by meta-
mere. At the level of T1, to overcome the obstacle
of the first rib, the skin wheal was induced 3.5 cm
laterally, but 2 cm above the level of the spinous
process. On coming into contact with the first rib,
the latter was overcome by directing the needle in
acaudal direction and slightly medially. Santoni’s
technique failed to solve the problems, possibly
multiplying them fivefold, by inserting the needle
in five different points.

6.7.3 Posterior Approach According
to Pippa (written by Pippa
himself)

This technique, illustrated by Pippa in 1990, and
originally employing the loss of resistance

technique in order to locate the brachial plexus,
today, thanks to the use of electrical nerve
stimulation and more recently to the use of
ultrasound in conjunction with regional anes-
thesia, has earned widespread approval on
account of its success rate and safety profile.

6.7.4 Patient Position

The block is performed with the patient seated
and with the neck bent slightly forward or with
patient recumbent on one side. The anesthetist
stands behind the patient when the latter is
seated, or sits when the patient is recumbent.
The patient is placed in the recumbent position
on the side opposite to the side of the block, with
the head positioned axially on a firm pillow, and
the cervical region slightly flexed.

6.7.5 Landmarks

e The midpoint of the interspinous segment
between C6 and C7 (Fig. 6.4).

e A transverse straight line is traced passing
through this point.

e Another point 3 cm distal to the midpoint of
the interspinous segment is marked on this
line.

e This latter point marks the needle insertion
point (Fig. 6.4).

6.7.6 Technique

The technique requires an 8—10 cm-long stimu-
lating needle.

After inducing a skin wheal with local anes-
thetic, the needle is inserted according to a
sagittal plane and directed first perpendicular to
the skin and then in a caudocranial, oblique and
lateral direction. The author recommends that
the anesthetist should never abandon the sagittal
introduction plane and should avoid any devia-
tion of the needle in a medial direction
(Fig. 6.5).
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Fig. 6.4 Landmarks of the Pippa technique. At a distance of 3 cm from the C6-C7 interspinous space the point

where the skin wheal will be induced is marked

When the needle tip makes contact with the
transverse process of the sixth or seventh cer-
vical vertebra (this occurs at a depth of 4-5 cm),
the upper edge of the transverse process is
crossed and the needle is directed obliquely
cephalad without deviating medially, but rather
remaining fairly lateral. At a depth of 7-8 cm
from the skin entry plane, at the onset of twit-
ches of the biceps muscle or the muscles of the
shoulder, after aspiration and after performing
the Raj test, the anesthetic solution is injected at
fractionated doses alternating with numerous
aspirations.

Recently, to avoid the troublesome pain due to
the needle penetrating into the trapezius muscle
and the extensor muscles of the head, which
occurs with the posterior approach, Boezaart has

proposed a posterolateral approach, which, by
entering in a position anterior to edge of the
trapezius muscle, should enable anesthetist to
direct the needle between lateral edge of the
extensor muscles of the neck and the medial
border of the levator scapulae muscle. This path,
albeit via a virtual space, should be less painful,
the needle being introduced in such a way as to
skirt the external perimysium of the above-
mentioned muscles.

With the advent of ultrasonography, the much
feared risk of subarachnoid puncture attributed
to this approach is no longer a credible hazard,
inasmuch as, on proceeding with the ultrasound
imaging, the passage of the needle at a safe
distance from the spine is clearly visible
(Fig. 6.5b).
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Fig. 6.5 a After inducing the skin wheal, the needle is  erroneously to have a slightly medial direction. b Ultra-
introduced according to a sagittal plane in a direction sound image of the Pippa technique performed with an
perpendicular to the skin. In this photo, owing to an electric nerve stimulating needle

optical effect (parallax error), the needle appears
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6.8  Anterior Approach

David L. Brown: Plumb-Bob
Technique

6.8.1

If the article Brachial Plexus Anesthesia: A
Review, published in the International Monitor
No. 4, 1998—the journal edited by Narinder
Rawal—had not been written by Brendan T.
Finucane, I would probably not have read it with
very much attention, and after a rapid glance to
see whether anyone had by any chance noticed
the technique I had published in Minerva Anes-
tesiologica in 1992, I would have set it aside.

The first technique described was the
“plumb-bob” technique proposed by David L.
Brown et al. in Anesthesia Analgesia in 1993.
The article was entitled “Supraclavicular nerve
block: anatomical analysis to prevent pneumo-
thorax”. The description of the method by
Finucane, albeit very short, as befits a review
article, made it interesting and worth looking
into. In addition to the article in Anesthesia
Analgesia, it was also well described and illus-
trated in the Atlas of Regional Anesthesia by
David L. Brown, edited in the Italian version by
Antonio Delfino.

The concept on which this technique is based
is simple, and the idea of the plumb line, as a
guide to positioning the needle, is attractive.

6.8.2 Patient Position and Landmarks

The anesthetist performing the block stands
alongside the patient at the level of the arm. The
patient is placed in the supine position with his
head turned to the side opposite to the block and
with the arms extended beside the body. The
patient is asked to raise his head a few cm in
order to highlight the muscles of the neck, thus
giving prominence to the clavicular head of the
sternocleidomastoid muscle. The point where
the latter encounters the clavicle is marked
(Fig. 6.6a). The patient is asked to lower his
head, while continuing to keep it turned to the
opposite side to the block.

6.8.3 Technique

The needle is introduced at the point marked on
the skin (Fig. 6.6b), close to the lateral edge of
the clavicular head of the sternocleidomastoid
muscle just above the clavicle. The direction is
perpendicular to the floor, as though the needle
were guided by a plumb line attached to its tip
(Fig. 6.6c, d). It is precisely for this reason that it
is useful to imagine a sagittal plane that passes
through the point marked on the skin; the needle
must remain on this plane without deviating
either medially or laterally. If no paraesthesias
or muscle twitches are elicited, the needle will
be withdrawn as far as the subcutaneous tissue
and reinserted gradually at an angle of no more
than 30° in a cephalad direction; if, once again,
no paraesthesias or twitches are elicited, the
needle will be progressively orientated caudad at
an angle of no more than 30°.

Once the needle comes into contact with
brachial plexus, 30 ml of local anesthetic is
injected, after fractionated aspiration, in a single
injection. If, instead of the plexus, the needle
comes into contact with the first rib, the author
advises proceeding by shifting the needle later-
ally a little at a time, following the bony contact
until it reaches the plexus. It is important never
to orientate the needle medially so as not to
increase the risk of pneumothorax.

6.8.4 Complications

The author reports pneumothorax as being the
most feared complication. This occurs in
0.5-5 % of cases according to the amount of
experience of the anesthetist.

Block of the phrenic nerve, again according
to the author, occurs in 50 % of cases, which is
in line with the results reported by Joseph Neal
after supraclavicular block.

Another possible complication is puncture of
the subclavian artery which, on the path of the
needle, lies anterior to the plexus, but the only
measures required are monitoring and com-
pression, if a haematoma occurs.



F. Alemanno




6 Supraclavicular Brachial Plexus Block Techniques

73

<« Fig. 6.6 This four-panel page illustrates the Brown

technique. Panel a shows the landmarks marked on the
skin and the point at which the needle is to be inserted; in
panel b, the skin wheal has been produced and the 18-G
needle, inserted immediately afterwards to enlarge the

6.9 Lateral Approach (Lateral
Paravertebral Techniques)
6.9.1 Mulley Technique

In 1919, Mulley described the first lateral para-
vertebral technique, basically for avoiding
pneumothorax as well as puncture of the sub-
clavian artery.

6.9.2 Patient Position and Landmarks

The patient lies in the supine position with his
head turned to the side opposite the block.

In this way, the supraclavicular triangle is
presented, formed by the anterior border of the
trapezius muscle, the posterior border of the
sternocleidomastoid muscle and the clavicle as
the base. If the triangle is poorly delineated, an
additional landmark is identified 3 cm above the
clavicle and 0.5 cm posterior to the external
jugular vein.

6.9.3 Technique

The needle is inserted at the centre of the triangle,
perpendicularly to the skin, and, once paraesthe-
sia of the first two fingers is obtained, 20 ml of
anesthetic solution is injected, followed by
another 10 ml in a slightly lateral position.

This technique has proved safe and effica-
cious, but has rarely been adopted.

6.9.4 Hilarowicz Technique

Six years later, in 1925, Hilarowicz, in an
attempt to improve the Mulley technique and

breach, has been left in place as a marker; in panels ¢ and
d to emphasize the plumb-bob concept the PVC tubing
has been pulled upwards on the perpendicular of the
needle

believing the centre of the triangle to be an
imprecise landmark, described what in practice
was a new technique.

As his main landmark, he adopted Chassai-
gnac’s tubercle on the transverse cricoid line
(Fig. 6.7).

On reaching the tubercle with an 8 cm nee-
dle, at the onset of paraesthesias of the shoulder
and first finger of the hand, 5 ml of anesthetic
solution is injected (Fig. 6.8).

After subsequently identifying the transverse
processes of C7, T1 and T2 and evoking par-
aesthesias of the other fingers of the hand,
another 15 ml of anesthetic is injected, subdi-
vided into boluses of 5 ml per metamere.

Winnie comments on this technique, describ-
ing it as a lateral version of the Kappis technique
which hardly resembles the Mulley technique.

6.9.5 Etienne Technique

Defined by Winnie himself as the first true in-
terscalene approach, the Etienne technique is
based on the use of the same landmarks as in
the Mulley technique, that is, the supraclavic-
ular triangle (anterior border of the trapezius
muscle, posterior border of the sternocleido-
mastoid muscle, clavicle). After drawing the
triangle, the transverse cricoid line is traced
passing through the two catheti of the triangle,
formed by the posterior border of the sterno-
cleidomastoid muscle and the anterior border of
the trapezius muscle. The supraclavicular tri-
angle is thus divided into a smaller triangle
(superiorly) and a trapezium (inferiorly). At the
midpoint of the straight line segment, identified
by the points of intersection of the transverse
cricoid line with the two catheti of the triangle,
the needle is inserted and advanced in the
direction of the opposite shoulder, slightly
caudad, but on a plane parallel to that of the
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Fig. 6.7 Hilarowicz technique. After drawing the three sides of the supraclavicular triangle, the transverse cricoid
line is traced which divides the triangle into another smaller triangle superiorly and a trapezium inferiorly

operating table. On making contact with the
transverse process of the sixth or seventh cer-
vical vertebra, without attempting to elicit
paraesthesias, 20 ml of anesthetic solution is
injected (Fig. 6.9).

6.9.6 Bonica’s Lateral Paravertebral
Approach

The author compares this block technique with
that used for performing a deep cervical block.

A skin wheal is induced at the level of the
transverse process of the fifth cervical vertebra.

An 8 cm-long needle is inserted as far as the
transverse process, and as soon as the needle
comes into contact with the latter, 5 ml of
anesthetic solution is injected after aspiration.
The needle, withdrawn as far as the subcutaneous
tissue, is then directed towards Chassaignac’s

tubercle and, in succession, towards the trans-
verse process of C7 and towards that of TI,
injecting 5 ml of anesthetic each time.

The technique, though starting one metamere
more cephalad, is similar to the Hilarowicz
technique.

The indications for this type of block are
limited to cases of infection of the supraclavicu-
lar fossa, cases of Pancoast syndrome due to
tumours of the extreme apex of the lung and rare
cases of fibrosis of the scalene muscles with dis-
tress due to compression of the brachial plexus.

6.10 Winnie’s Interscalene Block

The interscalene brachial plexus block described
by Alon P. Winnie is the most widely used
technique in the world published in 1970. It
definitively eliminates the risk of pneumothorax,
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Fig. 6.8 Hilarowicz technique. Insertion of the needle at the level of Chassaignac’s tubercle

and this, in our opinion, has been one of the most
important reasons for its popularity.

We have to thank A. P. Winnie for develop-
ing the concept of the perivascular space and
promoting its widespread application.

The first anesthesiologist to talk about the
perivascular space was E. M. Livingston, whose
technique had also been reported by Labat in the
second edition of his textbook entitled Regional
Anesthesia published by Saunders & Co in 1922.
Labat had labelled Livingston’s technique as
“subfascial”. Livingston wrote: “The plexus
and the artery are separated from the surround-
ing structures by a fascial investment which
represents two walls, the one in front belonging
to the scalenus anticus muscle and the other
belonging to the scalenus medius, These walls
proceed laterally and slightly forward to meet
the deep cervical fascia”. Livingston’s tech-
nique, which in terms of direction and land-
marks resembles that of Kulenkampff, avoided

contact with the nerve trunks and, as soon as the
needle penetrated beyond the cervical fascia
enveloping the plexus, 30 ml of anesthetic was
injected without eliciting paraesthesias. But let’s
return to Winnie.

6.10.1 Patient Position

Supine with the head turned 45° to the opposite
side to the one to be blocked.

6.10.2 Landmarks

The level at which the block is performed cor-
responds to that of the sixth cervical vertebra.
What comes to mind immediately is that present
at this level is Chassaignac’s tubercle, as the
transverse process of C6 is called, and that this
might serve as an excellent landmark. The
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Fig. 6.9 Etienne technique. The needle is inserted at the
midpoint of the base of the small upper triangle and
directed towards the opposite shoulder, and therefore in a

author, however, immediately plays down any
initial enthusiasm in this sense, stating that this
tubercle should not be used as a landmark
because its palpation causes such discomfort as
to undermine patient compliance.

A transverse line passing across the cricoid
cartilage at the point where it crosses the lateral
border of the sternocleidmastoid muscle is the
most important landmark.

At this level, the external jugular vein is
another important landmark that one should
always seek to avoid. It is often evident or
appears punctually during initial attempts at
palpation (Fig. 6.10a).

To give prominence to the clavicular head of
the sternocleidomastoid muscle, the patient is
asked to raise his head. After tracing the trans-
verse line of the neck departing from the cricoid

slightly caudal direction but parallel to the plane of the
operating table

cartilage (Fig. 6.10a, b), the anesthetist places his
index finger behind the lateral border of the
sternocleidomastoid muscle at the point where
the latter is crossed by the transverse cricoid line.
This point corresponds to Chassaignac’s tubercle.
The finger thus positioned behind the lateral
border of the sternocleidomastoid muscle touches
the anterior scalene muscle. Maintaining slight
pressure and sliding the finger posterolaterally,
the interscalene groove will be perceived between
the anterior and middle scalene muscles. At this
point, the anesthetist will also position his middle
finger in the interscalene groove caudad to the
index finger. It is good policy to bear in mind that,
in the scalene triangle, the brachial plexus is
closer to the middle than to the anterior scalene
muscle, being distanced from the latter by the
presence of the subclavian artery (Fig. 2.5).


http://dx.doi.org/10.1007/978-88-470-5418-9_2
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Fig. 6.10 a—d As in the case of the Winnie and Collins
subclavian perivascular block, we have seen fit to group
together the original photos of Winnie’s book and
Buchoj’s magnificent drawings. A drawing is worth

more than a thousand words. For an explanation see text.
(By courtesy of Winnie A.P.: Tecniche Perivascolari di
Blocco del Plesso Brachiale, Verducci Editore, Roma
1984)
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6.10.3 Technique

The two fingers are slightly splayed, in the sense
that whereas the index finger remains in posi-
tion, the middle finger is moved approximately
half a centimetre caudad, without exiting from
the interscalene groove. A 35 mm short-bevel
stimulating needle is inserted between the two
fingers in a direction normal to the skin. The
truncated cone shape of the neck must be borne
in mind. Precisely for this reason, then, the
needle will advance in a mostly medial but also
in a caudal and posterior direction (Fig. 6.10c,
d). If the external jugular vein is present, as it
almost always is, it can be avoided by per-
forming the needle entry puncture immediately
above it. The needle is advanced until deltoid,
biceps or triceps muscle twitches appear. Twit-
ches of the supraspinatus and/or infraspinatus
muscles, innervated by the suprascapular nerve,
are not to be regarded as valid, because the
suprascapular nerve abandons the neurovascular
bundle of the brachial plexus at an early stage,
and therefore, it is more likely that it is stimu-
lated outside the brachial plexus. If the needle
comes into contact with the bone without elic-
iting any twitches, it will be moved a little at a
time, while remaining all the time in contact
with the bone of the Chassaignac tubercle, until
twitches occur. For the sake of safety, it is
important that the needle be directed at least 30°
caudad. A less inclined but more medial direc-
tion may result in the needle penetrating into the
intervertebral conjugate foramen of C6 with
stimulation of the root of C6 and the possibility
of a peridural or, even worse, a subarachnoid
block, if the presence of a valve mechanism of a
small dural flap prevents the aspiration of cere-
brospinal fluid.

When twitching of the deltoid, biceps or even
the triceps muscles is registered, this should
disappear if the current intensity is lowered
below 0.2 mA, otherwise it would mean that the
needle tip may be in an intraneural position.
Once the twitch has been made to disappear, it
can be reinduced by restoring the current

intensity to a level above 0.2 mA. At this point,
after aspiration, 2-3 ml of anesthetic is injected,
which will cause a dull, troublesome but correct
paraesthesia in the shoulder or along the arm,
probably due to the relatively low temperature of
the anesthetic liquid compared to that of the
nerve, or to the pressure exerted by the anes-
thetic bolus directly on the nerve structures. The
injection of the few ml of anesthetic will be
sufficient to increase the impedance of the tis-
sues, which will again abolish the twitch.
Injection of the remaining anesthetic will be
performed in 5 ml amounts with aspiration
intervals in between. The author advises vigor-
ous massaging in a caudal direction to facilitate
the spread of the anesthetic. The amount of
anesthetic recommended varies according to the
patient’s build from 20 ml, which often fails to
reach the roots C8 and T1, to 40 ml, which
usually allows a more complete anesthesia.

6.10.4 Complications

e Very rarely, pneumothorax; proper execution
of the technique rules out this eventuality.

e Subarachnoid injection, injection into the
vertebral artery and extension of the block to
the peridural space are possible, again if the
technique is not performed correctly.

e Block of the phrenic nerve, according to Ur-
mey, occurs in 100 % of cases.

e Claude Bernard-Horner syndrome should not
be considered a complication, but only a side
effect, as should extension of the block to the
inferior laryngeal nerve (recurrent nerve).

e The formation of a haematoma as a result of
an arterial puncture requires only monitoring
and compression.

6.11 Meier Technique
6.11.1 Patient Position

Supine with the head turned to the opposite side.
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Fig. 6.11 Meier technique: / point of insertion with the
Meier technique on the transverse thyroid line, behind the
posterior border of the sternocleidomastoid muscle. 2
point of insertion with the Winnie technique on the

6.11.2 Landmarks

The innovative aspect of this technique consists
in the fact that the main landmark is the trans-
verse line which rune from the superior margin
of the thyroid cartilage and intersects with the
posterior border of the sternocleidomastoid
muscle. Thus, the point of insertion of the needle
is about 2 cm above the insertion point with the
Winnie interscalene technique, where the land-
mark is the intercricothyroid line (Fig. 6.11).
The external jugular vein lies in a slightly more
anterior position than in the Winnie technique.

6.11.3 Technique

A skin wheal is induced at the point of intersection
of the superior transverse thyroid line and the
posterior border of the sternocleidomastoid mus-
cle. The needle is directed caudad, tangential to the

transverse cricoid line, behind the posterior border of the
sternocleidomastoid muscle; 3 clavicular head of the
sternocleidomastoid muscle; 4 jugulum

direction of the plexus, heading towards the mid-
point of the clavicle. Normally, at a depth of 1 or
2 cm, the muscle twitch sets in. After performing
the Raj test (injection of 2 ml of anesthetic which
arrests the twitch), the planned volume of anes-
thetic is injected at fractionated doses in 5 ml
boluses, each preceded by aspiration.

If shoulder movements are activated without
contraction of the deltoid muscle, this means
that the suprascapular nerve is being stimulated
and therefore that the needle direction is too
posterior. If, on the other hand, a diaphragmatic
twitch occurs, it means that the needle has been
directed too anteriorly and is stimulating the
phrenic nerve, abutting upon the anterior scalene
muscle, or that it has been directed medially,
ending up by stimulating the anterior division of
C4 which constitutes the main root of the nerve;
in these cases, the needle must be withdrawn and
directed with greater precision towards the
midpoint of the clavicle.
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The indications for this type of block, as in
Bonica’s lateral paravertebral approach, are
cases of infection of the supraclavicular fossa, of
Pancoast syndrome and cases of fibrosis of the
scalene muscles with distress due to compres-
sion of the brachial plexus.

6.12 Dalens Parascalene Technique

This is a technique conceived and designed
basically for paediatric patients, but which in
any event can also be performed in adults.

6.12.1 Patient Position

Supine with the arm extended down alongside
the body and the head turned to the opposite side
to that where the block is to be performed. To
hyperextend, the neck a small cushion is placed
beneath the shoulders.

6.12.2 Landmarks

1. The midpoint of the clavicle.

2. Chassaignac’s tubercle, localized by palpa-
tion, or better, to avoid a degree of discom-
fort that might jeopardize the compliance of a
paediatric patient, localized at the point
where the cricoid line intersects the posterior
border of the sternocleidomastoid muscle.

A straight line segment joining the two land-
marks is traced and subdivided into three-thirds.

6.12.3 Technique

A skin wheal is induced at the point between the
upper two-thirds and the lower-third.

The needle is introduced in an antero-posterior
direction. Once the muscular twitch required is
elicited, the anesthetic solution is injected. If the
direction is too lateral, the suprascapular nerve
may be stimulated causing shoulder movements
due to contraction of the supraspinatus muscle or

the infraspinatus muscle but the deltoid muscle
remains quiescent. If the needle is introduced too
medially, the phrenic nerve may be stimulated
with consequent twitching of the diaphragm. It
should be borne in mind that, in children, the
depth of the brachial plexus ranges from 7 to
30 mm according to the child’s age and weight.
The mepivacaine dose is 6-7 mg/kg.

Dalens reports that, as in all proximal tech-
niques, the anesthesia may be unsatisfactory in
the ulnar nerve territory.

6.13 Middle Interscalene Block
(Alemanno Technique)

6.13.1 Why a New Technique? How
This Technique Arose

In the late ‘seventies, after two cases of pneu-
mothorax in the space of just 1 week using the
Kulenkampff technique as modified by Moore, I
converted to Winnie’s interscalene technique.
Winnie’s technique undoubtedly could be guar-
anteed to avoid any risk of this pulmonary
complication and appeared to be efficacious
above all for arm and shoulder surgery. During
an orthopaedic surgical session in the mid
‘eighties, I was using the interscalene block for
what at the time was an open surgical operation
on the shoulder. I had just elicited paraesthesia
and, after fixing the needle, I was about to inject
the anesthetic solution when, after aspiration, a
thin trickle of blood appeared in the syringe,
which, very optimistically, I gauged to be the
result of a burst capillary; in actual fact, with the
advantage of hindsight, the blood could only
have come from the vertebral artery, puncture of
which may result in spasm, especially in young
subjects. Fortunately, I had cultivated the habit
of initially injecting only 2 ml of anesthetic in
order to be sure to avoid intraneural injection.
However, the injection of a 2 ml bolus of 2 %
mepivacaine was followed by a series of spec-
tacular phenomena: the patient’s eyes were
glazed and rolled backwards and his tongue
dropped back suddenly, obstructing his
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breathing; it was as if I had administered an
intravenous injection of 300 mg of thiopentone
sodium. I immediately extracted the needle,
grabbed hold of the “to-and-fro” connected to
an O, flowmeter which happened to be at hand
behind me and proceeded to ventilate the
patient, after inserting a Guedel oropharyngeal
airway into his mouth. After a few minutes, the
patient was intubated very easily without the aid
of muscle relaxants. The patient, in fact, pre-
sented perfect muscle relaxation. By injecting
the bolus of local anesthetic into the vertebral
artery, via the basilar artery, I had probably
anesthetized all 12 cranial nerves.

Once the patient was intubated, he was con-
nected up to a Bird MKS8 ventilator, a small,
transparent, green plastic pressure-operated venti-
lator that permits the visualization of its mecha-
nisms and circuits at high and low pressure. The
patient showed signs of rearousal after about
20 min, and after another 10 min, he was com-
pletely awake and could be extubated. He
remembered nothing, and the surgery was post-
poned and the patient sent back to the ward. He was
operated on the next day under general anesthesia.

As always, when these misadventures occur,
albeit with a happy ending, one is halted in one’s
tracks and for some time may feel reluctant to
use a technique that has caused such a serious
problem. I was no exception on that occasion
and for a month or two, I almost always resorted
to the use of general anesthesia.

One day, while looking at an anatomical
drawing by Buchoj, upside down, on page 50 of
Winnie’s book Plexus Anesthesia, subtitled
Perivascular Techniques of Brachial Plexus
Block, published in the Italian version by Ver-
duci in 1984, I came up with idea of using a
needle to cannulate the neurovascular bundle
along its main axis starting from near the mid-
point of the clavicle (Fig. 6.12).

Above all, there could be no risk of pneu-
mothorax owing to the direction of the needle
tangential to the upper surface of the clavicle
and not directed towards the pleura; in addition,
unless the needle used was excessively long, it
would have been difficult to reach the cervical
spine and all the adjoining structures.

At the first attempt, the experiment was suc-
cessful, but I did not realize I had found a new
approach. It seemed impossible to me, in view of
the simplicity of the technique, that it had not
already been described.

Only a few years later, while lecturing at the
Verona University Postgraduate School of
Anesthesia and Resuscitation directed by Pro-
fessor Stefano Ischia, I was explaining the var-
ious techniques (Kulenkampff, Kappis, Winnie,
etc.) but concluded saying I no longer used any
of these techniques, but rather a procedure of my
own. One day, one of my brighter students asked
me: “Excuse me, Professor, but have you
already published this technique of yours?”
Actually, “I haven’t”, was my answer, at which
he said: “In that case, do it, otherwise we’ll do it
because, you know, we have tried it out in the
operating theatre and it works very well”. I then
got a grip on the situation and reminded the
students that in a few months time they would be
sitting their examinations and that it would be
wiser on their part if, in the meantime, they
refrained from taking any untoward initiatives. I
then rapidly consulted Winnie’s textbook, doing
some quick research with the aid of his most
authoritative account of the historical evolution
of the various brachial plexus block techniques,
and I realized that my technique had, in fact,
never been described. I therefore decided to
publish the technique in Minerva Anestesiolog-
ica and it was included in the June 1992 issue of
that journal. In the same year, I presented it at
the S.I.A.A.R.T.I. National Congress held in
Taormina. A few words of courteous congratu-
lation, a few affectionate pats on the shoulder,
but then no one took any further interest in it.

The acceptance and diffusion of a new tech-
nique are always something of a slow but sure
process, also because the best technique to be
used in routine practice in the operating theatre
is the one you are most familiar with and best
able to perform, and “it is always hard to break
with old habits” as Thomas Stan wrote to me
from Cleveland, Ohio.

At the E.S.R.A. Congress in 1999, which was
held in Florence and organized by Paolo Busoni, I
was sitting in the front row, listening to a lecture
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Fig. 6.12 The basic rationale of the middle interscalene
block (MIB) is to cannulate the neurovascular bundle (by
courtesy of Winnie A.P.. Tecniche Perivascolari di

on the main brachial plexus block techniques.
Sitting beside me was a distinguished-looking,
unknown colleague, using a headset for the
simultaneous translation, which enabled me to
place him as a foreigner. The speaker, after pre-
senting the various brachial plexus block tech-
niques, went on to describe one last technique
which he claimed to be “of his own devising”, but
which was incredibly identical to my technique!
The lecture was followed by a lively discussion
interrupted by the moderator who, to defuse this
rather embarrassing situation, reminded everyone
that it was time for a coffee break. The distin-
guished-looking foreign colleague sitting beside
me received the translation of our discussion with
a slight delay; when everyone had got up to leave
the auditorium, he took off his headset and asked

Blocco del Plesso Brachiale, Verduci Editore, Roma
1984, modified)

me: “Are you the real author of the last tech-
nique?” “Yes, sir. It was published 7 years ago in
the June 1992 issue of Minerva Anestesiologica”,
I replied in my limited and consequently rather
stilted English, at which he said: “Send me an
abstract and I’ll accept it for the International
Symposium on Regional Anesthesia and Pain
Medicine in Quebec City, Canada, in 2000”. He
then introduced himself as Professor Brendan
Finucane, Chair of the Department of Anesthesi-
ology and Pain Medicine of Alberta University,
Edmonton, Canada.

In addition to the abstract, I sent him a poster
which I would subsequently present at the
Congress. He replied by sending me a fax in
which he expressed a most flattering judgment
which I am pleased to report.
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Dear Fernando:
Thank you for your communication about my publication on brachial plexus anaesthesia.

The information you sent me is very interesting and I intend to incorporate your
technique in any future presentations or publications.

Thank you also for vour excellent poster. Like Brown’s method, yours is a very simple
concept and appears much safer than the traditional approaches to brachial plexus
anaesthesia.

Sincerely,
Brendan T Finucane, MBBCh, FRCPC
Professor and Chair

Department of Anesthesiology and Pain Medicine
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6.13.2 Evolution of the Middle
Interscalene Block

In the article published in Minerva Anestesio-
logica in June 1992, the technique was based on
the eliciting of paraesthesias and was aimed at
avoiding pneumothorax, which is possible with
the techniques in which the needle is advanced
in a caudal direction, and also at avoiding sub-
arachnoid injection or injection into the verte-
bral artery, which is possible with the
paravertebral techniques.

The patient was placed in the seated position
with the feet off the bed, the back upright and the
shoulders relaxed in order to make the brachial
plexus more superficial.

The landmarks used were two: the pulse of
the subclavian artery and the spinous process of
C7.

The needle used was a normal 3 cm 23-G
needle.

The technique was performed as follows:

A skin wheal was induced half a centimetre
laterally to the pulse of the subclavian artery.
The 3 cm G-23 needle, already attached to a
20ml syringe filled with anesthetic solution, was
inserted laterally to the pulse of the subclavian
artery. The needle was directed posterolaterally
heading for the spinous process of C7. This first
insertion rarely elicited paraesthesia, but was
useful for identifying the transverse plane of C7
on which the needle was to operate. If, as was
highly probable, no paraesthesia appeared, the
needle was withdrawn as far as the subcutaneous
tissue and reinserted, in succession, towards the
vertebral arch, pedicle and body of C7. On
eliciting paraesthesia, the needle was fixed and,
after aspiration, 1 ml of anesthetic was injected
to make sure that the needle tip was not in an
intraneural position. It was also important that
the injection should continue to cause a dis-
agreeable sensation along the arm, not painful
but paraesthetic, also during the subsequent first
5 ml fraction of anesthetic injected. If, however,
the paraesthesia did not persist after the test
injection and during the subsequent 5 ml frac-
tion, it had to be re-elicited.

In 1999, after a certain delay, the electrical
nerve stimulator was eventually used, which
proved distinctly advantageous both for the
patient and for the precision performance of the
technique. In cases of fracture, however, we
continued to use a normal needle for eliciting
paraesthesia. Recently, it has proved possible to
approach the nerve under ultrasound guidance.

More widespread knowledge and use of this
technique have been facilitated by Professor
Guido Fanelli’s invitation to me to describe it in
the volume entitled Continuous Peripheral
Nerve Block Techniques, also coedited by
Andrea Casati, Jacques Chelly and Laura Bertini
and published in the United States in 2001 by
Mosby International Limited, as well as by
Battista Borghi’s invitation to me to present the
technique at the ESRA 2001 Congress held at
the Rizzoli Institute in Bologna, and by Paolo
Grossi’s invitation to write a chapter on the
middle interscalene block for the book entitled /
blocchi anestetici dell’arto superiore published
by Mattioli. Fidenza 2006.

A further contribution to the knowledge and
diffusion of the technique came in the form of
many invitations I have received to attend and
speak at residential courses, and national and
international congresses organized by Francesco
Nicosia, Laura Bertini and Vincenzo Tagariello,
Giuseppe Vairo and Aldo Barbati, Domenico
Camaioni and Mario Bosco, Paolo Grossi, Ales-
sandro D’Ambrosio and Michele Dambrosio,
Silvio Colonna, Gerardo Martinelli, Gianfranco Di
Nino and Nicolino Franceshelli, Paola Valentini
Claudio Amodei and Claudio Lo Presti, Salvatore
Montanini and Epifanio Mondello, Mohammad
Saleh, Izdiad Badran and Hamdi Bader, Francesco
Paoletti, Francesco Ambrosio, Gennaro Savoia,
Yigal Leykin, Rui Sobral de Campos and Lucindo
Ormonde, Giovanni Pinto, Giovanni Pittoni, Ezio
Vincenti, Walter Mosaner, Stefano Brauneis,
Consalvo Mattia and Flaminia Coluzzi.

All these initiatives and invitations, for which
I will never be grateful enough to the organizers,
have contributed considerably to augmenting the
knowledge and more widespread use of the
technique also at an international level.
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In 2002, 10 years after the publication of the

first paper, we proceeded to verify the indica-
tions and limitations of the technique. After 58
middle interscalene blocks, performed for
shoulder surgery in the space of 3 months, we
verified the extent of the anesthesia with the pin-
prick test applied to the entire surface of the
upper limb, recording the following results
referring to the involvement of the various
nerves in their respective areas of competence:
circumflex nerve 100 %;
musculocutaneous nerve 100 %;
radial nerve 100 %;
median nerve 93 %;
medial cutaneous nerve of the forearm 80 %;
ulnar nerve 72.5 %;
medial cutaneous nerve of the arm and int-
ercostobrachial nerve (whose territories of
competence are often imbricated or overlap-
ping) 54 %.
We therefore concluded that the MIB tech-
nique, like all the other supraclavicular tech-
niques, is indicated for shoulder and arm surgery,
but its reliability progressively diminishes the
more distal or peripheral the surgical field.

6.14 Middle Interscalene Block
6.14.1 Present State of the Art

The middle interscalene block is so-called in order
to distinguish it from Winnie’s technique which
could be defined as a high interscalene block,
since the scalene triangle is entered at its apex; nor
could the block be called ‘low’ (apart from the
negative semantic connotations of the adjective)
because to reach the base of the triangle, except in
the case of Kulenkampff’s method and other
similar caudad techniques, the only access route is
the infraclavicular centripetal route.

6.14.2 Patient Position

The ideal position is the upright seated position
with the head rest completely raised (deck chair
position), with the legs extended and with the

arm hanging limply outside the bed. In this
manner, the shoulder is relaxed, the clavicle is
rotated downwards, and the neurovascular bun-
dle becomes more superficial. The head is turned
45° to the side opposite the one to be operated
on. If the patient, for some reason, is unable to
assume or maintain this position, the block can
also be executed in the supine position
(Fig. 6.13).

6.14.3 Landmarks

1. The pulse of the subclavian artery, marked O.
2. The midpoint of the clavicle, marked with a dot.
3. The spinous process of C7, marked

X (Fig. 6.14).

A straight line segment is traced running
from the midpoint of the clavicle tangential
posterolaterally to the O marking the pulse of
the subclavian artery (Fig. 6.15).

6.14.4 Technique

1. Thorough disinfection. It is important that the
disinfection should be thorough, particularly
for shoulder surgery, and this is for two
reasons: in the first place, above all if one is
working with a low current intensity, in order
to be sure that the twitch is from the deltoid
muscle, it may be useful to rest the hand not
manoeuvring the needle on the skin investing
the deltoid muscle so as to feel the muscle
twitching; secondly, because, in the case of
shoulder surgery, the operating field is dis-
infected twice rather than just once.

2. A skin wheal is induced with a 23-G needle
2 mm laterally to the pulse of the subclavian
artery; the syringe is detached and the needle
is left implanted in the skin as a marker; the
23-G needle is replaced by an 18-G needle (if
possible in the same hole) so as to enlarge the
breach in the dermis, thus facilitating the
passage of the Teflon-coated needle and
preventing invagination of the skin with the
consequent unwanted microbial entrainment.
The 18-G needle is also left in situ.
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Fig. 6.13 Patient position. In a first description of the
technique in 1992, the patient was placed in the seated
position with the feet of the bed. This proved to be an
uncomfortable position, the venous return of the lower
limbs was not optimal, and in the case of lipothymia, it
was necessary to make the patient change position

completely in order to put him or her in the recumbent
position. In the new position, on the other hand, with the
legs resting on the bed and with the back propped up
against the head rest, the patient will be in a much more
comfortable position with a lower risk of lipothymia
episodes
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Fig. 6.14 Landmarks: pulse of the subclavian artery, marked O; midpoint of the clavicle, marked with a dot; spinous

process of C7, marked X

3. Needle direction: the 18-G needle is replaced
by a 35-40 mm Teflon-coated 24-G needle
which is advanced along the straight line
running from the midpoint of the clavicle and
tangential posterolaterally to the O marking
the pulse of the subclavian artery, but pro-
ceeding more deeply on the transverse plane
of C7, indicated by the X denoting the spinous
process of C7. The path of the needle, in
practice, is parallel to the plane corresponding
to the upper surface of the clavicle, or slightly
rising in relation to the latter (Fig. 6.16 a, b).
The direction of the needle must on no
account ever be descending, otherwise we
would be performing a different technique
with a distinct risk of pneumothorax. The
current intensity is set at 0.4 mA. On the basis

of our experience, a current intensity greater

than 0.5 mA may stimulate a nerve element

which is in contact internally with the fascia
enveloping the brachial plexus, even if the
needle tip is positioned outside the fascia.

If, on the other hand, a nerve element is
stimulated with the current intensity we suggest,
the tip of the needle is sure to lie inside the
neurovascular bundle. Once the desired twitch is
induced, the current intensity is reduced below
0.2 mA,; if the twitch persists, there is a risk that
the needle tip may be intraneural, and therefore,
the needle must be withdrawn, albeit only mil-
limetrically; if, on the other hand, the twitch
disappears, the previous stimulation values are
restored and when the muscle contraction reap-
pears 1 ml of anesthetic solution is injected.
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Fig. 6.15 A straight line segment is traced from the midpoint of the clavicle and runs at a posterolateral tangent to the

O marking the pulse of the subclavian artery

Fig. 6.16 a-b Technique. The direction of the needle is
parallel to the upper surface of the clavicle or slightly
rising in relation to it. In the first version of the technique
(Minerva Anestesiologica, June, 1992) and also later,
with the use of the electric nerve stimulator, the needle
was directed first towards the spinous process of C7 and
then, remaining on the transverse plane of C7, in
succession towards the arch, pedicle and body of the
same vertebra until paraesthesia was elicited or appro-
priate muscle twitches. The intention, however, praise-
worthy, of finding the plane of C7 with the first needle

insertion and not abandoning it with the successive
insertions meant in practice that the first two insertions
not only rarely led to the brachial plexus, but rather were
capable of causing inappropriate paraesthesias or
twitches due to stimulation of the supraclavicular nerve.
These twitches could be misleadingly deceptive partic-
ularly for beginners who may sometimes mistake
twitches of the supraspinatus muscle (with raising of
the shoulder) for twitches of the deltoid muscle, thus
risking injecting the anesthetic outside the neurovascular
bundle
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This small injection should not be followed by
sharp pain, but only by a troublesome paraes-
thesia, and, moreover, the twitch should disap-
pear completely (Raj test).

If no twitches appear at the first insertion,
little adjustments are made to the path of the
needle; the needle must be withdrawn as far as
the subcutaneous tissue and reinserted in a
direction slightly posterior or anterior to the
straight line segment described above until the
desired twitch appears.

On appearance of the deltoid, biceps or tri-
ceps muscle twitch, after aspiration and a Raj
test, 0.4 ml/kg of anesthetic solution is injected.
Like Silverstein, we prefer to inject all the
anesthetic at the appearance of the first valid
twitch rather than searching for others; in this
case, in fact, we have to increase the current
intensity after the first bolus of anesthetic which
will alter the tissue impedance and, with that,
our assessment of the distance between the
needle tip and the nerve structure. The search for
multiple twitches, moreover, may increase the
complications associated with the blocks, with-
out increasing their success rate.

Sometimes, however, the pulse of the sub-
clavian artery is not present, and thus the main
landmark for establishing the direction of the
needle is lacking. In this case, we fall back on
the use of three landmarks that are always
present also in obese patients. These are as
follows:

1. the midpoint of the clavicle (marked at the
level of the posterior edge of the clavicle);

2. the spinous process of C7,;

3. the sternoclavicular joint (marked at the level
of the posterior edge of the clavicle).

By joining the first point to the other two, we
obtain an angle whose bisector indicates the
direction leading to the brachial plexus. It
coincides with the straight line posterolaterally
tangential to the O marking the pulse of the
subclavian artery when the latter is present
(Fig. 6.17).

A skin wheal is induced on the bisector at a
distance of about 1.5 cm from the midpoint of
the clavicle. The first insertion of the needle is
performed following the bisector of the angle,

but remaining on the transverse plane of C7,
indicated by its spinous process. If no twitch
appears at the first insertion, little adjustments
are made to the path of the needle: the needle
must be withdrawn as far as the subcutaneous
tissue and reinserted in a direction slightly pos-
terior or anterior to the above-mentioned bisec-
tor until the required twitch is elicited.

6.14.5 Indications

The most important indication for the supracla-
vicular techniques is unquestionably surgery of
the shoulder and arm (the proximal half of the
humerus). The potential efficacy of these tech-
niques diminishes, the more distal or peripheral
the surgical indication. As we have seen, in a
study conducted in 58 patients, the median nerve
was involved in 93 % of cases, the medial cuta-
neous nerve of the forearm in 80 % and the ulnar
nerve only in 72.5 % of cases. The latter two are
percentages, which are no longer acceptable in
modern anesthesia and suggest the advisability of
going over to the use of more peripheral tech-
niques such as infraclavicular or axillary blocks.
A number of exceptions can be made if the
operative field lies in the territory of the radial
nerve which is blocked by the middle intersca-
lene technique in 100 % of cases, possibly sup-
plementing the technique, if the extent of the
anesthesia is incomplete, with peripheral blocks
of the median or ulnar nerve or both at the elbow
(e.g. for hand surgery). It is thus proves possible
to exploit the possibility that the supraclavicular
block affords of applying a haemostatic tourni-
quet at the level of the humerus.

As far as the continuous block is concerned,
the indication for its use, other than for postop-
erative analgesia allowing the early application
of physiokinetic therapy, consists in the pro-
phylaxis of posttraumatic reflex sympathetic
dystrophy (Sudeck’s syndrome), it affords as a
result of prolonged sympathetic block. In fact,
the Claude Bernard-Horner syndrome in our
single-shot case series is present in 93.5 % of
cases, but the percentage is probably higher with
the catheter because the latter protrudes for a
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Fig. 6.17 1In this case, the pulse of the subclavian artery was present, the bisector of the angle coincides with the

posterolateral line tangential to the O marking the pulse

distance of 1-2 cm beyond the tip of the needle,
thus approaching closer to the cervical spine and
consequently to the paravertebral sympathetic
chain.

6.14.6 Complications

In 692 cases published in Regional Anesthesia
and Pain Medicine, Nov-Dec 2006, we regis-
tered the following complications:

e block of the phrenic nerve in 58 (60 %) of 97
cases monitored by chest X-rays on comple-
tion of surgery and therefore with the block
certainly well established;

e block of the phrenic nerve with dyspnoea
(Sa0;, < 90 %): 4 cases (0.6 %);

e arterial puncture with haematoma: 4 cases
(0.6 %);

e dysphonia due to block of the lower laryngeal
nerve: 6 cases (0.9 %);
¢ Claude Bernard-Horner Syndrome: 647 Cases

(93.5 %):

e no cases of subarachnoid injection or injection
into the vertebral artery;
e no cases of pneumothorax.

Pneumothorax should be very rare indeed.
Proper execution of the technique should rule
out any such eventuality.

In the course of more than 20 years, three
anecdotal cases of pneumothorax have occurred,
which, after thorough investigation, turned out
to be due to technical errors, in the sense that the
needle path presented a caudal inclination in the
direction of the pleural dome.

In any event, we should always mistrust those
patients presenting Stiller’s characteristic asthe-
nic habitus—tall, slim, flat-chested, drooping
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shoulders, chicken-wing shoulder blades—so
well described by Bertold Stiller. In these cases,
the lateral apophysis of the clavicle may be
constitutionally rotated slightly downwards, su-
perficializing the brachial plexus, admittedly,
but also the first rib and therefore the pleural
dome. Nor can ultrasonography, according to
Brian D. Sites, be very much use in such cases
because the reverberation caused by the first rib
creates an acoustic shadow, which makes it
impossible to establish the distance between the
needle tip and the pleural dome.

In these cases, when performing the middle
interscalene block, it is good policy to insert the
needle half a centimetre higher than usual, but
always on the straight line running from the
midpoint of the clavicle posterolaterally

tangential to the O marking the pulse of the
subclavian artery, or, in the absence of the
latter, on the bisector of the angle described
above. In this case, the distance from the
midpoint of the clavicle will no longer be
1.5 cm, but rather 2 cm, and it will be advis-
able to adopt a needle path which is slightly
cephalad.

6.15 Anatomical Study

A cadaver has no subclavian artery pulse.

We therefore decided to verify the reliability
of the bony landmarks on a cadaver. First of all,
we reconstructed the angle and its bisector on a
skeleton (Fig. 6.18).

Fig. 6.18 With a Mersilene thread, we reconstructed the
angle and its bisector on a skeleton. The bisector
consisted in a 10-cm 22-G spinal needle, which reached
the intervertebral conjugate foramen of C7. As can be
seen, the needle passes above the yellow mark, on the

upper surface of the first rib, indicating the shallow
groove produced by the brachial plexus and just
posterolateral to the red mark indicating the track of
the subclavian artery
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To this end, we knotted a blue Mersilene
thread to the midpoint of the clavicle of a skel-
eton and then tied the two ends of the tautly
strung thread, respectively, to the tip of the
spinous process of C7 and to the sternoclavicular
joint. The bisector consisted in a 10 cm-long 22-G
spinal needle, which reached the intervertebral
conjugate foramen of C7 (Fig. 6.18). As can be
seen, the needle passes above the yellow mark,
on the upper surface of the first rib, indicating
the position of the brachial plexus, just pos-
terolateral to the red mark indicating the track of
the subclavian artery. We then drew the angle
and its bisector on a cadaver (Fig. 6.19).

To better highlight the transverse plane of C7
during the anatomical dissection, we inserted a
first 10 cm 22-G spinal needle following the
straight line joining the midpoint of the clavicle
to the spinous process of C7. A second needle
was then introduced along the bisector of the
angle (Fig. 6.20).

After introducing the two needles, it was the
turn of the anatomical pathologist who
removed the skin, the areolar subcutaneous
tissue and the platysma in that order
(Fig. 6.21). After removing the omohyoid
muscle and the fascia enveloping the brachial
plexus, it could be seen that the target had
been reached: the needle inserted along the
bisector of the angle had reached the brachial
plexus (Fig. 6.22). In Fig. 6.23 the 2 needles
have been removed and repositioned to indi-
cate, respectively, the anterior and posterior
limit of the insertions. We therefore were able
to verify that as follows:

1. The line on the transverse plane of C7 joining
the midpoint of the clavicle to the spinous
process of C7 passes via the levator scapulae
muscle.

2. This line, together with the middle half of the
clavicle, forms an angle whose bisector pas-
ses through the brachial plexus. Thus, the

Fig. 6.19 The angle and its bisector have been drawn on a cadaver
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Fig. 6.20 To better highlight the transverse plane of C7
during the anatomical dissection, we inserted a first
10 cm 22-G spinal needle following the straight line that

technique can also be performed in the

absence of the subclavian artery pulse, which

in cadavers, of course, is the rule.

To assess the safety of the manoeuvres of the
technique in relation to the cervical spine, we
measured the distance of the scalene triangle
from the skin and, as regards the path we opted
for, this distance was approximately 2.5-3 cm.
We also measured the distance between the
scalene triangle and the cervical spine at the level
of the anterior scalene muscle, and the result was
3 cm (Fig. 6.24). Lombard and Cooper also
measured the distance at the level of the middle
scalene muscle, obtaining a value of 3.5 cm.

Doing the simple arithmetic, we find that the
distance between the spinal column and the
entry point of the needle ranges from 5.5 to
6.5 cm, which is a distance impossible to cover
with a 3.5 or 4 cm needle.

joins the midpoint of the clavicle to the spinous process
of C7. A second needle was then introduced along the
bisector of the angle

6.16 Ultrasound-Guided Middle
Interscalene Block

Another method, if the subclavian artery pulse is
absent, is based on the use of ultrasonography.
This method, which nowadays is very popular,
can also be used when all the landmarks are
present.

The procedure is as follows: after drawing on
the skin the angle and its bisector (or, if the pulse
is palpable, the straight line tangential to the
pulse of the subclavian artery and passing from
the midpoint of the clavicle), a linear probe is
applied to the posterior edge of the medial half
of the clavicle (Fig. 6.25) and is slid slowly in a
lateral direction (Fig. 6.26a). At a certain point,
the subclavian artery will appear on the screen as
a pulsating “black hole” and just lateral to it we
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Fig. 6.21 The skin, the areolar subcutaneous tissue and the platysma have been removed. The omohyoid muscle in
this case is fairly low down and partially hidden behind the clavicle

can see the “circular crowns” (hypoechogenic
nerves surrounded by more echogenic epineu-
rium) of the brachial plexus components severed
transversely by the ultrasound beam
(Fig. 6.26b).

Since the clavicle and the probe itself would
tend to hamper the insertion of the needle along
the characteristic path of this technique, the
probe is rotated 45° (clockwise on the right and
counterclockwise on the left), while keeping an
eye all the time on the position of the artery on
the screen (Fig. 6.26c).

The ultrasound image will remain substan-
tially the same (Fig. 6.26d), but by rotating the
probe, we are now able to see the bisector or

straight line drawn on the skin and necessary for
correctly directing the needle and having enough
space to insert it “out of plane” (Fig. 6.26¢).
To have an “in-plane” view of the needle, the
probe must be applied along the bisector of the
angle (Fig. 6.27a) or (when the subclavian artery
pulse is present) along the straight line tangential
to the O. In this way, the ultrasound image will
change completely and the various elements of
the brachial plexus, severed longitudinally by
the probe, will appear on the screen in a very
characteristic manner like a bundle of railway
tracks between the anterior and middle scalene
muscles. The siphon of the subclavian artery, cut
longitudinally by the probe, will present an
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Fig. 6.22 After removing the omohyoid muscle and the
fascia enveloping the brachial plexus, it can be seen that
the target was reached: the needle inserted along the
bisector of the angle has reached the brachial plexus. The
large nerve that runs parallel to the brachial plexus is the

oblong, ovaloid appearance, like a hypoecho-
genic ellipse, surrounded by a wall whose ech-
ogenicity will be greater, the higher the degree
of atherosclerosis (Fig. 6.27b).

In Fig. 6.28, we can see the application of the
combined method—nerve stimulation plus
ultrasound guidance. Figure 6.29 shows the
“black hole” of the subclavian artery and close
to it the components of the brachial plexus cut
across transversely by the probe.

After eliciting the twitch required with a
current intensity of 0.4 mA, we can see the
typical spread of the anesthetic solution injected
inside the neurovascular bundle which has the
appearance of a hypoechogenic cloak wrapped
around the artery and the brachial plexus
(Fig. 6.30).

suprascapular nerve, stimulation of which causes a false
twitch; adhering to the anterior scalene muscle and
clearly visible is the phrenic nerve, the stimulation of
which causes visible twitching of the diaphragm

To conclude, then, we have to emphasize the
importance of the following points when using
this method:

e strictly maintain at all times the path pre-
scribed by the technique, since this cannot fail
to increase the safety of the ultrasound method
as well. A casual insertion of the needle, that
is, without following a safe, well tried and
tested path, encouraged perhaps by the direct
ultrasound view and lulled into a false sense
of security, may lead to the reappearance of
old complications which we thought we had
put behind us;

e always use the electrical nerve stimulator as
well simultaneously as Admir Hadzic says,
“the two methods are complementary and not
mutually exclusive”.
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Fig. 6.23 The two needles have been removed and
repositioned to indicate, respectively, the anterior and
posterior limit of the insertions. The anterior limit is
represented by the position of the needle at the level of
the phrenic nerve (which crosses over the anterior
scalene muscle obliquely lower down), while the

6.17 Continuous Middle
Interscalene Block

More than 60 years have elapsed since Ansbro
first described the possibility of executing a
continuous brachial plexus block in 1946. He
used a blunt-tipped needle inserted into the
supraclavicular fossa as far as the first rib,
according to Kulenkampff’s classic technique.
The needle was also inserted in a cork used as a
rough and ready means of measuring depth act-
ing as a brake to prevent further unwanted pro-
gression. The cork was attached to the skin with
sticking plaster. The infusion of anesthetic (1 %
lidocaine) was done with a syringe and a three-

posterior limit is represented by the suprascapular nerve,
the stimulation of which causes false twitching of the
supraspinatus muscle with raising of the shoulder. The
subclavian artery has been isolated and raised with a
thread

way faucet drawing the anesthetic solution
directly from a tank. Five years later, Smirnov
and Sarnoff described for the first time the use of
a polyethylene catheter for performing a contin-
uous peripheral block. It was probably a ureteral
catheter whose metal mandrel was used for the
first time for the electrical localization of a nerve.

6.17.1 Indications

The main indications for the insertion of an
indwelling catheter for a brachial plexus block
consist in the possibility of guaranteeing surgical
anesthesia in operations that exceed the dura-
tion of action of ropivacaine or levobupivacaine
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Fig. 6.24 The distance between the scalene triangle and the cervical spine at the level of the anterior scalene muscle

has been measured: the value was 3 cm

(as in the reimplantation of limbs) and of guar-
anteeing good postoperative analgesia and an
early initiation of physiokinetic therapy, as well
as to ensure a continuous sympathetic block,
superior in efficacy to the stellate ganglion block
even when repeated. As we have already said,
the sympathetic block affords the best prophy-
laxis for reflex sympathetic dystrophy (Sudeck’s
syndrome).

6.17.2 Patient Position

Seated upright, with the head rest raised (deck
chair position) with the arm hanging limply
outside the bed; in this way, with the shoulder
relaxed, the clavicle is rotated slightly down-
wards and the brachial plexus becomes more
superficial. The head is turned 45° to the

opposite side. If the patient is unable to assume
the seated position, the block can also be per-
formed with the patient in the supine position.

6.17.3 Landmarks

1. Pulse of the subclavian artery.

2. Midpoint of the clavicle.

3. Spinous process of C7 indicating the trans-
verse plane on which to operate.

6.17.4 Technique

The dermatographic pencil is used to mark the
pulse of the subclavian artery with an O, the
midpoint of the clavicle with a dot, and the spi-
nous process of C7 with an X. Thorough
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Fig. 6.25 A linear probe is applied to the posterior edge of the medial half of the clavicle

disinfection of the neck and the supraclavicular,
pectoral and shoulder regions is mandatory. The
operating field is delimited anteriorly by means of
a sterile, self-adhesive drape, leaving the shoulder
and arm visible, where the ground electrode is
placed, in order to observe muscle twitches.

A skin wheal is induced with a 23-G needle
laterally to the O marked on the skin, at 3
o’clock on the left and 9 o-clock on the right,
injecting 1.5 ml of 1 % lidocaine. The syringe is
detached, leaving the needle in situ. The 23-G
needle is replaced by an 18-G needle, attempting
to insert it in the same hole; in this way, via the
enlarged breach produced in the dermis, the
Teflon-coated needle will slide more easily and
there will be no entrainment of cutaneous germs
due to invagination of the skin in order to pen-
etrate. The stimulating needle replacing the G-

18 needle is inserted. The electrical nerve
stimulator is set at a current intensity of 0.4 mA;
the needle is directed towards C7 following the
straight line connecting the midpoint of the
clavicle to the entry point of the needle; when
the twitch is obtained, the current intensity is
progressively reduced to a value below 0.2 mA.

If the subclavian artery pulse is not present,
we use three bony landmarks, namely:

1. the midpoint of the clavicle;
2. the spinous process of C7,;
3. the sternoclavicular joint.

By connecting the first point to the other two,
we obtain an angle whose bisector leads to the
brachial plexus (see anatomical study). The skin
wheal is induced on the bisector at a distance of
1.5 cm from the midpoint of the clavicle,
whereupon one proceeds as described.
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Fig. 6.26 a The probe is slid in a lateral direction.
b Ultrasound view of the subclavian artery and brachial
plexus with the probe adhering to the posterior edge of
the clavicle. The cross section of the nerve elements is
slightly ovaloid (like a slice of salami sausage) because
the probe is not perpendicular to the plexus but slightly
oblique. ¢ The probe, rotated 45°, is now at 90° to the
bisector of the angle (the long axis of the plexus). Its
position now enables us to see the bisector of the angle

If no twitches are registered, minor adjust-
ments are made withdrawing the needle to the
level of the subcutaneous tissue and reinserting
it in a slightly more posterior or a more anterior
position. Generally speaking, it is not necessary
to deviate more than 15 or 20° from the original
line. If a movement of the scapula occurs, this
means that the needle has been inserted too
posteriorly and that we have stimulated the
suprascapular nerve; if a diaphragmatic twitch
occurs, it means that the position of the needle
tip is too anterior, at the level of the anterior

and to introduce the stimulating needle “out of plane”
according to a path already well tried and tested and
therefore intrinsically safe. d As we have seen in
Figure 6.25c, the probe is now at an angle of 90° to the
plexus. The ultrasound image remains substantially
unchanged, but the nerve elements transected at 90°
have a more rounded appearance compared to the
previous image (6.26b)

scalene muscle, where the phrenic nerve runs
attached to the latter. After eliciting a twitch of
the deltoid, biceps or triceps muscle, the current
intensity is reduced progressively to a value
below 0.2 mA; if the twitch disappears, the
previous stimulation values are restored. After
aspiration and a Raj test, the anesthetist then
proceeds to inject 0.2 ml/kg of anesthetic, in
order to pave the way for the catheter, with
intermittent aspiration alternating with injections
of 5 ml; the catheter must not be allowed to
project more than 2 cm beyond the tip of the
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Fig. 6.27 a To perform an “in-plane” insertion of the
needle in the plexus, the probe has been introduced along
the bisector of the angle. b View of the brachial plexus
cut longitudinally by the probe. The subclavian artery
presents an oblong ovaloid appearance, like a hypoecho-
genic ellipse, surrounded by a wall whose echogenicity

needle. The catheter is then fixed to the skin or
tunnelled and another 0.2 ml/kg of anesthetic is
injected, making 0.4 ml/kg in all. In the post-
operative period, a continuous solution of 0.2 %
ropivacaine or 0.125 % levobupivacaine is
injected at the rate of 5-10 ml per hour, corre-
sponding according to our calculations to
0.1 ml/kg/h.

The middle interscalene block lends itself
particularly well to the placement of an
indwelling catheter because the catheter is
inserted into the neurovascular bundle along its
main axis, because it enters the supraclavicular
fossa at an extremely acute angle of incidence
and therefore is not subject to untoward dis-
placement, and because it is introduced close to
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will be greater, the higher the degree of atherosclerosis. ¢
The same longitudinal image of the plexus with the
colour Doppler effect. d Longitudinal view of the
brachial plexus after injection of the local anesthetic,
which surrounds it like a sleeve

the midpoint of the clavicle, which is not par-
ticularly responsive to movements of the body.

6.17.5 Complications

With the technique described above the most
important complication is a block of the phrenic
nerve, which is to be feared in the case of a patient
suffering from respiratory insufficiency. As we
have already mentioned, the frequency of
involvement of the phrenic nerve in the single-shot
middle interscalene block technique, in a study in
which patients were monitored by means of X-ray
investigations conducted in the immediate post-
operative period in 97 patients, was 60 %.
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Fig. 6.28 Application of the combined method: ultrasound plus electrical nerve stimulation

At the end of the surgical operation, using
fluoroscopy, the occurrence of a phrenic nerve
block was verified in 80 patients. A substantial
difference between the single-shot technique and
the technique involving catheter placement was
ascertained (Alemanno, unpublished observation).
In the latter case, in fact, paresis of the diaphragm
in 72 patients (90 %) as opposed to 60 % with the
single-shot technique was observed.

We asked ourselves why there is this differ-
ence, and the only possible explanation we could
come up with consisted in the fact that we had
injected half the scheduled amount of anesthetic
on appearance of the muscle twitch for the
purposes of expanding the neurovascular space
and paving the way for the catheter, and the
other half after inserting the catheter. Our tech-
nique introduces the needle and therefore the
catheter into the neurovascular bundle coaxially

with the result that the tip of the catheter, pro-
jecting 2 cm beyond the tip of the needle is
closer to the cervical column. In this way, the
second half volume injected spreads more
cephalad, involving the phrenic nerve and per-
haps also it roots (Fig. 6.31a, b).

To verify the spread of the anesthetic along
the paravertebral groove, we injected 30 ml of
methylene blue into the cadaver using a needle
introduced under direct vision beyond the cer-
vical fascia in the central zone of the scalene
triangle (Fig. 6.32a). The 30 ml of methylene
blue did not rise beyond C6 (Fig. 6.32b). In a
second case, using a normal 38 mm 20-G nee-
dle, placed in contact with the bone of the cer-
vical column and then withdrawn 5 mm, we
injected 40 ml into the upper part of the scalene
triangle at the level of C6 and observed that the
dye rose to the level of C4 (Fig. 6.33).
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Fig. 6.29 Ultrasound view of the neurovascular bundle before injecting the anesthetic
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Fig. 6.30 Ultrasound picture of the neurovascular bundle after the injection of an anesthetic that envelops the artery
and the brachial plexus like a cloak
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Fig. 6.31 aIn this first case, 10 ml of iopamidol diluted  after introducing the catheter 2 cm beyond the tip of the
with local anesthetic was injected, which spread in the guide needle, 2 ml of iopamidol diluted with local
neurovascular bundle in the paraclavicular area close to  anesthetic was injected. The spread of the contrast
the middle third of the clavicle. b In this second case, medium in the paracervical area is clearly visible
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Fig. 6.32 a Introduction of a needle under direct vision into a cadaver, beyond the cervical fascia. b Injection of
30 ml of methylene blue. The spread did not rise beyond C6
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Fig. 6.33 Injection of 40 ml of methylene blue into the upper part of the scalene triangle, using a 38 mm-20 G needle,
placed in contact with the bone of the cervical column and then withdrawn by 5 mm. The dye rose to the level of C4

Consequently, the phrenic nerve may be
affected by the block because it crosses the
neurovascular bundle at the level of the apex of
the scalene triangle, especially if the injection is
performed at this level, or, if the volume of
anesthetic is substantial, the block may even
extend to its roots.

In practice, with the catheter, the injection of
a fair amount of anesthetic is effected 2 cm
beyond the point at which the needle tip induces
the muscle twitch, in a position therefore closer
to the spine and with results similar to those
reported by Urmey (100 %) using Winnie’s in-
terscalene block.

6.17.6 Tunnelling of the Catheter

If it is planned to leave the indwelling catheter in
place in the neurovascular bundle for more than

a few days, it is good policy to tunnel it in order
to prevent it from being displaced. The tunnel-
ling of the catheter must be done via a posterior
path because an anterior path would be
obstructed by the clavicle, while a lateral path
would inevitably end up by invading the oper-
ating field in the case of shoulder surgery. What
is recommended is that the tunnelling should
take a subcutaneous path. In fact, the distance
between the skin and the plexus is determined by
the rectilinear course of the tunnelling needle.
Once the catheter has been inserted, it is fixed to
the skin, and therefore, the only mobile part is
that close to the tip. As a result of the contraction
of one or more muscles, the course of the needle
is lengthened because what was initially a
straight path becomes a sinusoidal or winding
one. A transmuscular course thus tends to dis-
place the tip of the catheter precisely on account
of the muscular movements. These movements,
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Fig. 6.34 Catheter tunneling. A triangular-bladed scalpel is used to make a small incision at the entry point of the
stimulating needle. The stimulating needle was slightly raised

as we have said, tend to have an impact exclu-
sively on the terminal part of the catheter which,
if forced out of the neurovascular bundle, is
obviously no longer capable of performing its
function. This problem is minimized by our
technique, where the catheter is inserted along
the longitudinal axis of the brachial plexus and
when going over from the direction of entry to
the tunnel to a posterior direction, describes an
angle of 90°; in any event, it is advisable to stick
to the subcutaneous route so as not to expose the
catheter to continual muscular stresses poten-
tially capable of inducing its tip to deviate.

6.17.7 Tunnelling Technique

After inserting the catheter in the stimulating
needle, making sure that it protrudes no more
than 2 cm from the needle tip, the guide needle

is left in situ in order to protect the catheter from

possible damage as a result of the insertion

manoeuvres of the tunnelling needle.

The technique uses a Tuohy 18-G needle or a
spinal needle of the same calibre. We also use a
G-22 spinal needle to perform the local anes-
thesia along the predetermined path. The local
anesthetic we normally opt for is mepivacaine
plus epinephrine. The procedure is as follows:
1. A subcutaneous skin wheal is induced at the

stimulating needle entry point as reinforce-
ment of the one already performed: 1 ml of
mepivacaine plus epinephrine is injected at
the apex of the acute angle that the skin forms
with the needle;

2. using a triangular-bladed scalpel, a small
incision is made at the entry point of the
stimulating needle (Fig. 6.34). This small
incision will facilitate the exit of the tunnel-
ling needle and will make for a greater depth
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Fig. 6.35 Catheter tunnelling. Insertion of the 22-G spinal needle to a depth of 5 mm into the needle incision made
by the scalpel

of the catheter at the point where it passes
from the tunnel leading into the brachial
plexus to the subcutaneous tunnel. To this
end, the blade of the scalpel is pressed
5-6 mm deeper with the cutting edge turned
towards the stimulating needle and making
sure that the cutaneous and subcutaneous
fringes between the cutting edge of the blade
and the needle present a clean cut, otherwise
the flexion angle of the catheter will become
too superficial, preventing good healing of
the small wound;

a 22-G spinal needle, already connected to
the local anesthetic syringe, is inserted into
the incision perpendicularly to the skin to a
depth of 5 mm (Fig. 6.35) and then, after
rotating it through 90°, it is pressed in a
posterior direction, continuing to inject small
boluses of anesthetic, while remaining at the
subcutaneous level throughout, until it finally

emerges from the skin at the level of the
upper border of the trapezius muscle
(Fig. 6.36);

4. at this point, the syringe is disconnected but
the needle is left in situ;

5. a second small incision is made with the tip
of the scalpel at the exit point of the 22-G
needle to facilitate entry of the 18-G needle.
If the tunnelling needle is a Tuohy needle, we

point it against the tip of the G-22 needle,

exerting slight opposing pressure on the two
needle cones in order to hold them point to point

(Fig. 6.37) and pressing a little harder on the

cone of the Tuohy needle. The tip of the latter

will emerge from the skin exactly at the point
where the other had entered, that is, at a depth of

5 mm. Its tip will be made to protrude from the

small wound made by the scalpel in such a way

as to cross over at least 3 mm beyond the
stimulating needle which has been left in situ;
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Fig. 6.36 Catheter tunnelling. Exit of the 22-G spinal needle at the level of the upper border of the trapezius muscle

the purpose of this is to avoid damage to the

catheter by the tunnelling needle if the stimu-

lating needle had been removed (Fig. 6.38).

If, instead of a Tuohy needle, we use an 18-G
spinal needle as the tunnelling needle, the whole
operation will be even easier: it will be inserted
counter to the 22-G needle (which acts as a
mandrel) as far as its cone and, after penetrating
at least 3 mm beyond the stimulating needle, the
G-22 needle will be withdrawn (Fig. 6.39).

6. That done, only now can the stimulating nee-
dle implanted in the neurovascular bundle be
withdrawn; the free end of the catheter is then
inserted in the bevel of the tunnelling needle
(Fig. 6.40) and pushed delicately towards the
cone until it protrudes just 1 cm (Fig. 6.41).
At this point, taking hold of both the tip of the
catheter and the cone of the needle, they are
extracted together from the tunnel. Particular
care must be taken to ensure that the catheter
does not twist at the point of transition from

one tunnel to the other. If this happens, it needs
to be untwisted. The catheter is then settled
into the angle of transition between the two
tunnels by delicately pulling its end.

7. On exiting from the tunnel, the catheter is
again fixed with a few strips of sterile stick-
ing plaster or with any other form of adhesive
bandage; the area is medicated with a single-
layer sterile gauze dressing. As regards the
small wound made by the scalpel, that will
resolve rapidly, especially if the direction
change angle of the catheter is 4-5 mm deep.

6.18 General Considerations
Regarding Supraclavicular
Techniques

We may consider the brachial plexus, with all its
elements—roots, trunks, divisions and cords—as
an anatomical complex which is enclosed by the
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Fig. 6.37 Catheter tunnelling. Counter-insertion of the 18-G needle in the 22-G needle

investing layer of the deep cervical fascia fused
with the vertebral extension of the superficial
cervical fascia and develops in two directions:
e one vertical, paracervical segment that aligns
all the points of origin of the roots (i.e. the
anterior divisions of the spinal nerves) and
extends laterally as far as the scalene triangle;
e another segment that changes direction at the
level of the scalene triangle and appears to be
largely horizontal, although, in actual fact, it
is slightly inclined inferolaterally.
In short, these two segments constitute the
longitudinal axes of the brachial plexus.
As we have seen in the anatomical descrip-
tion, the spatial configuration of the brachial
plexus can be compared to that of a right-angled

triangle (the classic set square) the height of
which corresponds to the line joining the five
conjugate foramina, from which its roots emerge,
and the base of which rests on the first rib. At the
supraclavicular level, then, it presents two lon-
gitudinal approach axes, one along the height of
the triangle (i.e. interscalene technique) and the
other parallel to the base, corresponding to the
line passing at the level of the midpoint of the
clavicle and directed towards the cervical column
(i.e. middle interscalene block). As regards the
antero-posterior thickness of the triangle, sand-
wiched between the anterior and middle scalene
muscles, it ranges from a virtual thickness at the
level of the apex of the scalene triangle to a
thickness of 1-2 cm at the level of the first rib.



6 Supraclavicular Brachial Plexus Block Techniques

111

Fig. 6.38 Catheter tunnelling. The tip of the 18-G needle has penetrated beyond the stimulating needle and the 22-G

needle is withdrawn

Winnie subdivides the supraclavicular bra-
chial plexus block techniques into two groups,
the parascalene techniques that reach the neu-
rovascular bundle along its transverse axis, and
the interscalene techniques that approach the
plexus via the longitudinal axes.

One of these longitudinal axes, as we have
said, is parallel to the height of the triangle cor-
responding to the line joining the intervertebral
conjugate foramina from C5 to T1, while the
other is parallel to its base which passes at the
level of the midpoint of the clavicle.

The interscalene techniques include Winnie’s
two techniques (the subclavian perivascular
technique and the interscalene technique) and
Alemanno’s middle interscalene block.

The parascalene techniques, on the other
hand, include the antero-posterior techniques,
for example, the Brown technique (plumb-bob
method), the Dalens technique in children and
the posterior-anterior techniques, that is, Kappis,
Santoni and Pippa posterior approaches.

If there is a theoretical objection that can be
brought against Alemanno’s technique (MIB), it
is that the needle is directed towards the inter-
vertebral conjugate foramen of C7. In fact, if the
needle fails to reach the upper primary trunk, it
will probably stimulate the middle primary trunk
from which basically the radial nerve originates
with consequent twitching of the triceps muscle.
If the path of the needle is prolonged further
(another 3 cm), the tip of a fairly long needle
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Fig. 6.39 Catheter tunnelling. After withdrawing the 22-G needle, the bevel of the 18-G needle projects a few
millimetres beyond the stimulating needle. Only now can the latter be withdrawn

(>5 cm) might reach the conjugate foramen or
come close to it. This is why it is important to
use a 35-40 mm needle (less than 50 mm)
which, in its path, starting from a point close to
the midpoint of the clavicle (at a distance of
1-1.5 cm from the latter) at most is capable of
reaching the centre of the scalene triangle.
Therefore, when inserting an indwelling catheter
into the neurovascular bundle, using the middle
interscalene block, it is equally important not to
let it advance more than 1-2 cm beyond the tip
of the needle cannula. It is true that the end of
the catheter is not the tip of a needle and consists
of relatively soft material, but if the catheter is

advanced excessively and comes into contact
with, or inserts itself in the conjugate foramen, a
peridural injection may occur.

6.19 Conclusions

A century has elapsed since Kulenkampff pub-
lished the article describing his ground-breaking
technique in 1911 and even today we are still
debating as to which of the more than twenty
techniques proposed over the years may be the
most suitable. As regards the positive results
they yield, these techniques are more or less
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Fig. 6.40 Catheter tunneling. Insertion of the end of the catheter into the bevel of the tunneling needle

equivalent, but what makes the difference in
their respective evolutions is the continuous
attempt by the various authors to reduce the
complications by proposing various different
approach routes. It is true to say that, for prac-
tical purposes, the best technique is the one the
anesthetist is most familiar with and best able to
perform, and that it is difficult to change old
habits, but this should not prevent us from trying
out the latest proposals with all due caution.

In any event, we go along with the opinion
that it is more appropriate to employ supracla-
vicular techniques for surgery of the shoulder

and upper arm, while more peripheral techniques
are advisable for forearm and hand surgery.

We do not re-read our old text books often
enough:

“The supraclavicular compartment is shielded on
the outside by a thin layer of soft tissue parts
comprising the middle cervical aponeurosis along
with the omohyoid muscle, the superficial cervical
aponeurosis, the subcutaneous connective tissue
and the skin.

These various planes are successively and
methodically crossed by the surgeon in order to
gain access to the compartment and its contents.
To this end one can follow either the posterior
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Fig. 6.41 Catheter tunnelling. The end of the catheter now projects from the cone of the tunnelling needle; and that’s it

border of the sternocleidomastoid muscle or the
superior edge of the clavicle, or both together, or
even a line joining the midpoint of the sterno-
cleidomastoid muscle and the midpoint of the
clavicle. Of these various routes, the first two lead
more often than not to the vessels and the last one
to the brachial plexus”.
Theodore Tuffier 1897
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Ultrasound-Guided Interscalene
and Supraclavicular Blocks

Astrid U. Behr

The ultrasound-guided nerve block technique
has been in use now for about 15 years, and its
diffusion is steadily growing with optimal clin-
ical results. The main advantage in comparison
with the other techniques consists in the direct
visualization of the local anesthetic spreading
around the nervous structures to be blocked. The
ultrasound guidance also allows us to follow in
real time what happens under the skin layer,
with a close control on the needle approaching
its target, thus reducing the risk of damage to
any sensitive anatomical structures, such as
blood vessels or the pleura.

The desirable clinical consequences are as
follows: a reduction in the number of necessary
attempts, a faster performance, a reduced risk of
iatrogenic damage due to vascular and/or nerve
puncture and a shorter block onset time. All the
former lead to higher block quality and greater
comfort for the patient, which allow to consider
a reduction in the volume of required local
anesthetic.

Numerous clinical studies have been con-
ducted in order to evaluate the superiority of
one technique over the others. In the editorial
introducing Casati’s important clinical paper on
the axillary block, which compared the multiple
nerve stimulation technique with the ultrasound-
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guided technique, Borgeat and Capdevila com-
mented that it is extremely difficult to find sta-
tistical differences between the two techniques
in terms of qualitiy of regional anesthesia, onset
time, incidence of complications and patient
comfort, considering that these clinical studies
are often based on the work of anesthesiologists
well experienced in nerve blocks. The number
of patients needed to make these minor differ-
ences statistically significant should be so high
as to make them a largely non-feasible propo-
sition. The authors conclude that a combination
of the two techniques may help us to better
understand the scientific basis of regional
anesthesia.

In 2010, the Cochrane group published a
review article, where the ultrasound-guided
technique and the traditional one were com-
pared, analyzing 18 studies with a total of 1,344
patients, to the conclusion that, when performed
by experts, the success rates of the two approa-
ches are similar.

Individual studies have demonstrated that the
ultrasound-guided technique is associated with a
reduced complication rate, an improved quality
of the block, a faster execution time and a
reduced onset time.

There are also numerous case reports show-
ing that ultrasound guidance reduces the com-
plication rate, but cannot completely eliminate
complications, inasmuch as it is an operator-
dependent technique with given limitations.
Hadzic comments on the publication of a series
of case reports describing complications under
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ultrasound guidance pointing out that the US-
guided technique is undoubtedly one of the most
important developments in the field of regional
anesthesia, but that it would be a mistake to
consider it such a safe technique that it should
replace all the previous strategies. The most
suitable approach for improving the safety of our
patients would be to employ ultrasound guid-
ance as an important supplementary procedure
in the context of the already existing and future
protocols for raising standards in the execution
and monitoring of regional anesthesia. It should
not be forgotten, however, that there are clinical
or patient situations in which nerve stimulation
would be impossible: ultrasound guidance in
such situations proves indispensable as in the
case of amputated patients or patients with
neurological or neuromuscular diseases.

7.1 Exploration of the Anatomical

Site

As first step in the execution of an ultrasound-
guided block, it is advisable to explore the
anatomical site in order to visualize and recog-
nize the structures in the ‘target area’. The bra-
chial plexus is explored in the supraclavicular
sites, from the interscalene area -at the level of
the cricoid cartilage (C6)- to the base of the
neck, using a linear ultrasound probe at a
medium-high frequency (6—15MHz).

The patient should be supine and/or semi-
seated, with the head turned 45° contralaterally.
The position of the arms is indifferent. In these
patients, above all, an attempt must be made to
avoid any contractions or tension of the sterno-
cleidomastoid muscle in order to allow good
adhesion of the probe to the skin. To improve
the adhesion between probe and skin, it is
advisable to apply an abundant amount of gel.

The operator should then disinfect the skin,
covering the probe with a sterile cover or tega-
derm and applying sterile gel on the skin.

The operator must place himself in an ergo-
nomic position allowing a direct visualization. A
seated position should be considered.

The dominance of the operator’s right or left
hand conditions the position of the anesthetist in
relation to the patient. The operator can place
himself behind the patient’s head or in front of
the patient. As a rule, the probe is held in the
non-dominant hand in order to use the dominant
hand to handle the needle.

7.2  Ultrasound Anatomy

of the Supraclavicular Region

A sound knowledge of topographical and func-
tional anatomy is necessary to recognize the
structures under ultrasound guidance. Since we
can only recognize what we know, a good
knowledge of both topographical anatomy and
basic elements of sonoanatomy is advisable.

Generally speaking, the nerves are visualized
in cross-section (short axis). The nerve presents
itself ultrasonographically exactly as it is
described histologically. The pure nerve tissue
appears hypoechoic and/or anechoic, whereas
the connective structures surrounding the nerve
(epineurium, perineurium, etc.) appear as
hyperechoic images. The composition of the
nerve changes according to its anatomical site,
and, therefore, the nerve changes its ultrasono-
graphic appearance according to its connective
component. In a central site, a mono- or oligo-
fasciculated nerve can be seen, with a prevalent
component of pure nerve tissue and a very
modest connective component, often with only a
hyperechoic connective outline, a pattern often
called “dark bubbles” (Fig. 7.1).

While moving towards the peripheral sites, far
from the neuraxis, the nerve changes its structure
and assumes a honeycomb appearance, typical of
the peripheral nerve (Fig. 7.2). The hypoechoic
nerve fascicles are surrounded and interposed by
hyperechoic connective structures, which present
precisely the histological appearance of the
peripheral nerve. The nerve can be seen in lon-
gitudinal section (long axis), rotating the probe
through 90°, in its filamentous appearance with
multiple parallel hyperechoic bands and inter-
posed hypoechoic fascicles (Fig. 7.3).
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Fig. 7.1 Central nerve (nerve root and/or trunk) in short axis
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muscle
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Fig. 7.2 Median nerve; example of polyfasciculated peripheral nerve presenting a honeycomb appearance,
surrounded by the flexor muscles of the hand and fingers
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Fig. 7.3 Yellow arrows indicate the median nerve in long axis (longitudinal projection)

The brachial plexus is formed by the anterior
divisions of the spinal nerves from C5 to T1 and
crosses the interscalene groove between the
anterior and middle scalene muscles. The nerve
roots descend at various angles and join to form
the trunks at various distances from the inter-
vertebral foramina.

The angle between the spinal axis and the
nerve roots decreases while moving down-
wards, and, therefore, an optimal image of each
nerve root can only be obtained varying the
angulation of the probe (tilting continuously),
in an attempt to capture the roots and the trunks
with a perpendicular angulation. In this way, it
proves practically impossible to capture all the
nerve roots in a single image with a single
angulation of the probe. The typical appearance
of the three bubbles in a row is obtainable only
when trunks run parallel as happens more
easily in distal part of the neck, just before
reaching the supraclavicular site.

It is not always easy to distinguish between
roots and trunks, and this depends above all on
the position of the probe in relation to the course
of the nerve structures.

During the exploratory phase, it is useful to
adjust the pressure of the probe, tilting it to
change the angulation, in order to optimize the
image and recognize the anatomical structures
with certainty, and continuously aligning it so as
to follow the course of the structures and rotat-
ing it in an attempt to render the anatomical
structures more easily recognizable.

The interscalene groove in the supraclavicular
site can be identified in two ways: starting from the
medial zone at the level of the cricoid cartilage
(C6) and moving laterally with the probe, the
following structures are recognizable: the trachea,
the thyroid gland and the vessels of the neck
(Fig. 7.4), the carotid artery, a round, anechoic,
pulsatile structure and, anterolaterally, the internal
jugular vein, a compressible, more oval-shaped,
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tracheal cartilage

Fig. 7.4 Approach to the interscalene groove at the
sternocleidomastoid muscle (SCM); carotid artery (CA)

anechoic structure (Fig. 7.5). Moving laterally, we
can see -close to the surface- the sternocleido-
mastoid muscle, which progressively flattens, and
the external jugular vein, which often disappears
with the pressure exerted by the ultrasound probe.
Below, the anterior scalene muscle and, more lat-
erally, the middle scalene muscle, can be recog-
nized. The roots and/or the trunks are detectable
between the two scalene muscles by tilting the
probe appropriately in relation to the nerve struc-
tures and their course (Fig. 7.6). The image pre-
sented is comparable to that of a butterfly with the
body represented by the chain of hypoechoic
bubbles in the interscalene groove and the two
wings by the bellies of the anterior and middle
scalene muscles. It is not easy to distinguish ultr-
asonographically between roots and trunks, or at
what level the roots become trunks. Descending
from top to bottom, the roots of C5 and C6 merge to

level of the cricoid cartilage, from medial to lateral;

form the upper trunk, C7 forms the middle trunk,
and the roots of C7 and C8 form the upper trunk,
located deeper down. The anterior scalene muscle
appears very small in the cranial part of the neck,
whereas in the caudal neck area its size is compa-
rable to that of the middle scalene muscle. The
vertebral artery can be located below the level of
C6 and it is found deeper down and more medially
inrelation to the nerve structures (C7-C8). Moving
further down with the probe, the divisions are
shaped from the trunks and the brachial plexus in
the supraclavicular site takes on a bunch-of-grapes
appearance, that is, a mass of several hypoechoic
bubbles. Here, the subclavian artery serves as a
vascular landmark, and the brachial plexus lies in a
site posterolateral to the vessel, surrounded
medially by the distal part of the anterior scalene
muscle and laterally by the middle scalene muscle
(Fig. 7.7).
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Fig. 7.5 The sternocleidomastoid muscle (SCM) at the surface, thinning as one proceeds laterally; carotid artery
(CA); internal jugular vein (JV); anterior scalene muscle (SA)

The second method for locating the intersca-
lene groove is particularly useful in more difficult
anatomical situations. In these cases, it is advis-
able to start from lower down with a scan on the
oblique coronal plane with the probe positioned
parallel to the clavicle (Fig. 7.7). In the supra-
clavicular cavity, the subclavian artery is iden-
tified as a round, pulsatile, anechoic structure,
which constantly serves as a landmark at this
level. Colour Doppler may be used for verifica-
tion. Below the subclavian artery, the hyperech-
oic and hyperreflecting pleura is recognizable as,
more laterally, is the hyperechoic edge of the first
rib with the underlying acoustic shadow. The
brachial plexus lies laterally and dorsally to the
subclavian artery, sandwiched between the
anterior scalene muscle -medially-and the middle
scalene muscle -laterally. It is triangular in shape
with the apex towards the external aspect. Here,
the trunks have already given rise to the
divisions, and the nerve plexus consists of a mass

of hypoechoic rings in a fairly superficial site
(hardly deeper than 2.5 cm).

Following the structures of the plexus in a
cranial direction towards the interscalene site,
the three trunks are detectable as hypoechoic
bubbles with a hyperechoic border, between the
anterior scalene muscle —medially- and the
middle scalene muscle -laterally. The image of
the trunks is lost when ascending further (above
C6), and the nerve roots become visible while
passing in front of the hyperechoic image of the
transverse processes.

Ultrasound-Guided Block
Technique

7.3

In the early phases of the learning curve, it is
advisable to take advantage of the dual guidance
technique for a safer execution of ultrasound-
guided blocks. This means that the ultrasound
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Fig. 7.6 Between the anterior scalene muscle (SA) and,
more laterally, the middle scalene muscle (SM), we see
the roots and/or trunks of the brachial plexus; the upper

guidance is combined with electrical nerve
stimulation, thus availing oneself of an impor-
tant aid in identifying the nerve structure in the
proximity to the needle. It is advisable to
maintain the nerve stimulator at a fixed setting
of 0.6 mA in order to obtain confirmation of the
correct twitch without causing muscle contrac-
tions that could be painful to the patient.

It should be noted that direct contact with the
needle does not always prompt a neuromuscular
response. Perlas, in a paper published in 2006,
describes a 38.7 % nerve sensitivity for pares-
thesias and a 74.5 % neuromuscular response,
when ultrasonographically monitoring the cor-
rect position of the needle in contact with the
nerve. These results confirm the possibility of
false negatives in roughly one-third of cases.

On the basis of the position of the needle in
relation to the ultrasound probe, we can distin-
guish between two approach methods: the ‘in-
plane’ technique, with the needle parallel to the

trunk (7S), the middle trunk (TM) and the lower trunk
(TI). Close below the surface we see the sternocleido-
mastoid muscle (SCM)

long axis of the probe, and the ‘out-of-plane’
technique, with the needle orthogonal to the
probe. The ‘in-plane’ technique allows the con-
tinuous monitoring of the needle along its entire
length and, above all, enables the operator to
precisely locate the needle tip. Nevertheless, the
alignment of needle and probe is by no means easy
and requires considerable practice. With the ‘out-
of-plane’ technique, the route is often more direct
and similar to the traditional approaches. As the
needle is orthogonal to the probe, only a cross-
section of the needle can be seen and it is difficult
to precisely know the depth of the needle tip. With
the aid of the tissue movements due to the passage
of the needle and with hydrolocalization, the
correct position of the needle tip can be con-
firmed. The hydrolocalization is achieved by
injecting small amounts of non-conductive solu-
tion (5 % glucose) in order to check the hypo-
echoic halo produced by the liquid, without
interfering with the nerve stimulation.
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Fig. 7.7 Left supraclavicular site: yellow arrows indi-
cate the brachial plexus; SA anterior scalene muscle; SM
middle scalene muscle; SA subclavian artery; below is

Fig. 7.8 Left lateral-to-
medial interscalene ‘in-
plane’ approach. The
position of the operator
will depend upon the
dominance of the hand; in
this case the position is
behind of the patient

lateral

the hyperreflecting image of the pleura and, more
laterally, the first rib
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Fig. 7.9 Right interscalene block with the ‘in-plane’
approach: needle direction lateral to medial; the needle
tip is close to the middle trunk (7M) of the brachial

7.4  Performing the Block
at the Interscalene Level
7.4.1 ‘In-plane’ Procedure

Before performing the block, it is advisable to
find an appropriate position for the operator, the
ultrasound appliance and the probe. According
to the dominant hand and the side to be blocked,
the operator decides whether to place himself
behind (Fig. 7.8) or in front of the patient’s
head. The patient is in the supine or semi-seated
position with the head turned slightly towards
the contralateral side. After identifying the in-
terscalene groove with the roots and trunks, an
attempt is made to position the target, that is, the
roots of C5-C6 and/or the middle trunk (C7), in
a central position on the monitor. Normally, we
find ourselves 1-2 cm below the level of the

plexus between the anterior scalene muscle (SA) and the
middle scalene muscle (SM); at the surface the sterno-
cleidomastoid muscle (SCM)

cricoid cartilage. The needle is inserted
approximately 1-2 cm laterally to the probe in
an attempt to penetrate the skin with an acute
entry angle (angle between needle and skin).
With an acute entry angle (possibly <45°), a
greater incidence angle (angle between needle
and ultrasound beam) can be obtained, which
allows better visualization of the needle beneath
the ultrasound beam. The frequent presence of
the external jugular vein in this site may require
to move the needle entry site laterally. After
perforating the skin, an attempt is made to align
the probe and needle, advancing in a laterome-
dial direction until the interscalene groove is
reached (Fig. 7.9). It is important to move only
one hand, keeping the other still, in order to
align the probe and the needle; either the needle
or the probe must be moved. The syringe con-
taining the local anesthetic must be kept in
aspiration by a second operator or by a nurse.



126

Fig. 7.10 Right ‘in-plane’ interscalene approach after
the spread of the anesthetic around the nerve trunks: 7S
upper trunk; 7M middle trunk; 77 lower trunk; AL local

The correct position of the needle tip can be
confirmed by the neuromuscular response
desired at 0.6 mA (best twitch). A test injection
of liquid may be performed in order to rule out
maldistribution, as may occur in the eventuality
of an intramuscular or extrafascial injection. To
maintain the help that nerve stimulation can
provide, it is advisable to use a non-conductive
solution such as 5 % glucose for the hydrolo-
calization. After confirming the correct position
of the needle, the anesthetic is injected slowly,
avoiding turbulence or the presence of air bub-
bles, which may impair good visual monitoring
of the procedure (Fig. 7.10). On the basis of the
spread of the local anesthetic, the operator may
decide to reposition the needle to improve the
area of distribution of the drug. With a good
infiltration of the plexus, the nerve structures
become more visible due to the presence of the
hypoechoic anesthetic solution around the
hyperechoic contours of the roots and trunks.

anesthesia; SA anterior scalene muscle; SM middle
scalene muscle; green arrows indicate the needle, the
tip of which is close to the middle trunk

7.4.2 ‘Out-of-plane’ Procedure

The ‘out-of-plane’ technique, that is, with the
needle orthogonal to the long axis of the probe,
does not allow the continuous monitoring of the
needle and, above all, does not allow recognition
of the needle tip (Fig. 7.11).

The advantages of the ‘out-of-plane’ tech-
nique are a more anatomical approach to the
interscalene groove, with a shorter needle path
(less than 1 cm in depth) and a more direct
access to the nerve structures. The interscalene
groove is reached without having to cross the
middle interscalene muscle. The execution of
the technique is similar to the approach used
for the classic interscalene block techniques
such as the Winnie’s or Meier’s technique.

According to the dominant hand and the side
to be blocked, the operator decides whether to
place himself behind or in front of the patient’s
head. The patient is in the supine or semi-seated
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Fig. 7.11 Right interscalene approach with ‘out-of-plane’ technique

Fig. 7.12 Right ‘out-of-plane’ interscalene approach: (TM); SCM sternocleidomastoid muscle; SM middle
the green arrow indicates a cross-section (tip?) of the scalene muscle; SA anterior scalene muscle; JV internal
needle, which is directed towards C7 or the middle trunk  jugular vein; CA carotid artery
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Fig. 7.13

‘Out-of-plane’ interscalene block: the green arrow indicates a cross-section of the needle (tip?); the spread

of local anesthesia (AL) can be seen in the interscalene groove

position with the head turned slightly towards
the contralateral side. After locating the inter-
scalene groove containing the roots and trunks,
an attempt is made to move the target, that is, the
roots of C5-C6 and/or the middle trunk (C7)
into a central site on the monitor. The needle is
introduced close to the probe at a point corre-
sponding to the centre of the probe and, in this
way, the target is made to coincide with the
penetration point at the centre of the image. The
needle is introduced, observing the tissue
movements in an attempt to identify the needle
tip (Fig. 7.12). With the ‘out-of-plane’ tech-
nique, the acoustic shadow cone that forms
beneath the probe in cross-section is an artefact
that helps us to locate the needle.

The needle tip has to be positioned in prox-
imity to the root of C7, confirming the position
of the needle by nerve stimulation with a fixed
voltage of 0.6 mA or the injection of 5 % dex-
trose as a pilot injection. After confirmation of
the correct positioning of the needle, the local

anesthetic is injected, monitoring the spread for

any corrections of the needle position
(Fig. 7.13).
7.4.3 ‘In-plane’ Procedure Posterior

Approach

The posterior approach is an old access route to
the brachial plexus, which, with the advent of
the ultrasound-guided technique, has been
rediscovered and re-evaluated.

The patient is in the lateral decubitus position
lying on the sound shoulder. The operator is to
the rear of the patient with the ultrasound device
positioned in front of him. The probe is posi-
tioned on the neck in short axis in relation to the
brachial plexus (Fig. 7.14). The sonoanatomy
recognition procedure (Fig. 7.15) is mainly the
same as that described above. Once the inter-
scalene groove has been identified, the needle is
inserted in the posterior part of the neck, and the
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Fig. 7.14 Posterior ‘in-
plane’ interscalene
approach; the patient is
lying in the lateral
decubitus position

junction between the levator scapulae muscle
and the trapezius muscle is marked as the ideal
penetration point. The needle is directed on the
anteroposterior plane with the ‘in-plane’ tech-
nique, crossing the trapezius muscle and the
paraspinal extensor muscles in an anterior
direction. The needle is advanced leaving the
posterior scalene muscle medially and crossing

the middle scalene muscle (Fig. 7.16). When the
needle tip arrives close to the roots or, more
laterally, to the trunks, the contraction of deltoid
muscle or the biceps muscle is elicited by nerve
stimulation at 0.6 mA and the operator proceeds
to inject the local anesthetic, monitoring the
spread of the liquid to make sure that the dis-
tribution around the nerve structures is correct



anterior

Fig. 7.15 Posterior interscalene approach; middle scalene muscle (SM); anterior scalene muscle (SA); the brachial
plexus is outlined in yellow

anterior

posterior

Fig. 7.16 Posterior ‘in-plane’ approach from posterior to anterior; green arrows indicate the 100 mm needle, which
is directed towards the root of C7 or the middle trunk




7 Ultrasound-Guided Interscalene and Supraclavicular Blocks 131

posterior

anterior

Fig. 7.17 Spread of the local anesthetic (AL) in the interscalene groove; green arrows indicate the needle in plane

and avoiding intramuscular and/or intravascular
injections (Fig. 7.17).

This technique is particularly indicated in the
case of surgical procedures with medium-to-
intense postoperative pain that may require the
placement of a continuous perineural catheter
for the antalgic treatment.

The main advantage is that the catheter
crosses a substantial layer of muscles, measuring
from 4 to 6 cm in depth and is thus held more
firmly in situ in the postoperative period. The
interscalene catheter positioned with an antero-
lateral approach is much more superficial, thus
with a higher incidence of displacement.

Other advantages of the posterior approach
for catheter introduction are that the entry point
is far from the surgical field and that there is no
risk of entering into conflict with the external
jugular vein which often passes in that site.

It has been reported that, despite the techno-
logical efforts made to improve ultrasound visi-
bility, the ultrasonographic imaging of perineural
catheters often proves difficult (Fig. 7.18): it is

necessary to use indirect indicators such as hy-
drolocalization in order to ensure they are cor-
rectly positioned.

7.5 Performing the Block

at the Supraclavicular Level

The supraclavicular site is anatomically and
functionally an ideal site for performing anes-
thesia for the distal part of the humerus, elbow,
forearm and hand. In this site, the components of
the brachial plexus are closely packed together
and therefore are all easy to be blocked by a single
injection, with a reduced dose of local anesthetic
and with very rapid anesthesia onset times. For
these reasons, the technique was considered ‘the
spinal anesthesia’ of the upper limb.

Despite these positive characteristics, the
technique has not been widely adopted in clini-
cal practice on account of the substantial risk of
serious complications, particularly pneumotho-
rax. With the advent of ultrasound guidance, it
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posterior

Fig. 7.18 Posteriorly positioned perineural catheter in
an interscalene site. It is by no means easy to trace the
course of the catheter, which is indicated by the green

has proved possible to reduce the incidence of
this complication. The possibility of seeing and
localizing the structures to be avoided and of
monitoring the needle in real time during the
execution of the procedure make unwanted
contact with the pleura unlikely.

In the supraclavicular site, the nerve struc-
tures of the brachial plexus are very superficial
and close to the subclavian artery, which is
useful as a landmark for a rapid ultrasound
identification. For the above described reasons,
it is necessary to perform the brachial plexus
block at the supraclavicular level using the ‘in-
plane’ technique, which allows continuous
monitoring of the needle tip, in order to effec-
tively reduce the risk of iatrogenic lesions such
as pneumothorax or intravascular injection.

The patient position is supine with the head
turned to the contralateral side. It may be helpful
to have the patient sat in a ’beach-chair’ position
in order to effectively lower the shoulders.

anterior

arrows. It is useful to perform a pilot injection in order to
verify correct deposition of the local anesthetic (AL)

The operator places himself behind or in front
of the patient’s head depending upon the side to
be blocked and the operator’s dominant hand
(Fig. 7.19). It is always advisable for the oper-
ator to assume an ergonomic position with easy
view of the images on the ultrasound monitor.

Once the anatomical site is identified, with
the probe parallel to the clavicle, it is advisable
to perform a colour Doppler check (Fig. 7.20) in
order to rule out the presence of vascular
structures within the mass of hypoechoic struc-
tures belonging to the nerve plexus. The ultr-
asonographic appearance of vascular and
nervous structures is similar (both are hypoech-
oic), and it is important to detect the presence, if
any, of vessels in this site with the aid of colour
Doppler. In this way, it is possible to choose a
safe path avoiding contact with vessels and/or an
intravascular injection. The vessels most often
present in this site are the transverse cervical
artery and the suprascapular artery.
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Fig. 7.19 Right ‘in-plane’
lateral-to-medial
subclavian approach: the
anesthetist places himself
behind the patient and uses
the dominant hand to
perform the block; green
arrows indicate the needle,
which is directed towards
the angle formed by the
subclavian artery (AS),
pleura and first rib

7.5.1 Lateromedial ‘In-plane’

Approach

With the probe positioned parallel to the clavicle,
the needle is introduced lateral to the probe and
advanced in a lateromedial direction. In order to
have a good view of the needle under ultrasound
guidance, an attempt is made to optimize the
angle of incidence by moving the needle 1-2 cm
lateral to the edge of the probe. The ideal end
position of the needle tip for the local anesthetic

injection is the angle formed by the subclavian
artery, the first rib and the pleura, which ana-
tomically corresponds to the site of the lower
trunk. It is important to monitor the spread of
local anesthetic during the injection in order to
withdraw and reposition the needle, as and when
such correction is necessary (Fig. 7.21). The
spread should ideally be distributed laterally and
caudad in relation to the subclavian artery and
should then infiltrate completely the plexus. By
avoiding the spread of local anesthetic towards



Fig. 7.20 Supraclavicular site. Colour Doppler has been  structures in the vicinity of the brachial plexus b, which
employed in order to verify the position of the subclavian  could interfere with the path of the needle
artery a and to detect the presence, if any, of vascular
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Fig. 7.21 Supraclavicular site: beginning of injection of local anesthetic and monitoring of its correct spread. AS
subclavian artery; AL local anesthetic; the green arrows indicate the needle in plane

C4, it is possible to limit the incidence of a
phrenic nerve block, which is a present conse-
quence of the block in the supraclavicular site.

7.5.2 Medial-to-Lateral ‘In-plane’
Approach

This approach is a valid alternative to the foregoing
technique. In this case, the entry point of the needle
is medial to the probe. Some may consider this
approach the safest one, since it aims the needle
laterally, far from the pleura and thorax. The sub-
clavian artery, however, may be an obstacle.

The introduction of a catheter in this site is
proposed for any surgical procedure on the
elbow, forearm and hand, that may be associated
with medium-to-intense postoperative pain. The
technique is widely similar to that described for

the single-shot procedure. With this approach,
the catheter is situated in a superficial site and,
given an equal distribution of local anesthetic,
the infraclavicular site is to be preferred.

A parasagittal approach has recently been
described for a supraclavicular continuous
catheter positioning. The entry point of the
needle is at the level of the trapezius muscle, the
techniques requires a posterior-to-anterior ‘in-
plane’ approach. In this way, a more conspicu-
ous layer of musculature is crossed, which may
be useful for keeping the catheter firmly in situ.

The ultrasound location of the course of the
catheter and particularly of the tip of the catheter
is very difficult and often impossible. Apart from
the visual identification of the course of the
catheter, it is however possible to verify the site
of the tip by monitoring the correct distribution
of local anesthetic after injection.



136

A. U. Behr

7.5.3 Ultrasound-Guided Middle
Interscalene Block (Alemanno
Technique)

For a description of the ultrasound-guided pro-
cedure when using Alemanno’s technique, the
reader is referred to Chap. 6, Ultrasound-guided
Block.

7.6  Final Considerations
Unfortunately, anatomy is not always predictable,
and anatomical variations at the level of the in-
terscalene site are fairly frequent. At present,
ultrasonography is the only instrumental exami-
nation at the patient’s bedside that enables us to
discover and document this variability. One pos-
sible anatomical variant is the presence of the root
of C5 or the upper trunk (C5-C6) superficially or
within the belly of the anterior scalene muscle,
which consequently acts as an anatomical barrier
to the correct spread of the local anesthetic. The
presence of the roots of C5 and C6 medially to the
anterior scalene muscle, and outside the inter-
scalene groove, has also been described. These
situations may lead to an incomplete interscalene
block, above all in concomitance with a reduced
volume of local anesthetic. Ultrasound monitor-
ing of the correct distribution of the drug around
the nerve structures and correction, where nec-
essary, of the position of the needle tip may spare
us from achieving only partial success of the
perineural block.

Anatomical variants are also identified in the
supraclavicular site, such as, for instance, a
brachial plexus more than 1.5 cm far from the
subclavian artery.

The ultrasound-guided techniques are known
to be subject to the complications or -better- the
known consequences of blocks using traditional
techniques, such as block of the stellate ganglion
with Claude Bernard-Horner syndrome, block of
the phrenic nerve and paresis of the recurrent
nerve. It has been demonstrated in clinical

studies that injecting a smaller amount of local
anesthetic may reduce the risk of these sequelae.

During the execution of the interscalene
block, by orientating the needle towards the
middle trunk (C7) and reducing the volumes of
local anesthetic to 10 ml, an optimal analgesic
block can be obtained in shoulder surgery
without involving the phrenic nerve. This may
be a necessity and/or a very precise and useful
indication in patients with respiratory insuffi-
ciency who would hardly bear a block of the
phrenic nerve.

Similarly, the supraclavicular block has also
been studied, and it has been found that the
incidence of phrenic nerve block can be reduced
by carefully monitoring the spread of local
anesthetic and avoiding a rostral and medial
distribution in relation to the subclavian artery.

As regards the reduction in the volumes of
local anesthetic, there are numerous clinical
studies that report data in favour of the ultra-
sound-guided techniques. In my view, reduction
in the amounts of drug injected is becoming a
natural process, because the visual monitoring of
the precise and optimal distribution of LA
around the nerve structures will spontaneously
lead us to reducing our habitual volumes.

I would like to conclude with a few consid-
erations regarding the learning of the ultrasound-
guided technique.

The use of an ultrasound appliance is in no way
a substitute for knowledge of anatomy. Indeed, it
should be a stimulus for going back to the study of
anatomy and of the relationships between the
various anatomical structures themselves.

It is important to study the characteristics and
limitations of the ultrasound technique and
equipment in order to correctly interpret images
and recognize artefacts, thus avoiding misinter-
pretations. There are ‘good’ ones that can help
us to recognize the anatomical structures and
‘bad’ artefacts (Fig. 7.22) that can induce us to
deviate from the correct diagnosis. It is impor-
tant to know them in order to avoid the so-called
pitfalls.


http://dx.doi.org/10.1007/978-88-470-5418-9_6
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Fig. 7.22 Reverberation artefact in a supraclavicular  This artefact is also produced with the colour Doppler
site: the hyperreflecting pleura creates the artefact that  effect
gives a double mirror image of the subclavian artery.
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Fig. 7.23 An exercise useful for needle—probe coordi-
nation on a phantom

A third important factor is manual practice in
exploring with the probe, applying the four
movements described above (pressure, align-
ment, rotation and tilting), and practice in
coordinating the probe and needle, which can be
done initially on a phantom (Fig. 7.23), only
later carrying out the practised manoeuvres on
the patients. There can be no doubt that the ‘in-
plane’ technique is more difficult, with a less
steep learning curve compared to the ‘out-of-
plane’ technique, but, as we mentioned above,
with the great advantage of affording the possi-
bility of continuous visual monitoring of the
needle and needle tip.

One absolutely fundamental piece of advice
is to start with the dual guidance technique
involving the simultaneous use of US and ENS,

which initially allows us to operate safely and
helps us in difficult situations.

To achieve valid clinical results with the
ultrasound technique, unquestionably one must
invest heavily in terms of time, patience and a
great deal of practice.
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Danger is such a complex and very special fact that only rarely can its existence be
asserted or denied with certainty. And yet this is what is demanded of the physician, it
is as if, in states of severe disease, between danger and non-danger, there was the

Great Wall of China.

8.1 Failed Block
Although it is not the most serious complication,
it is undoubtedly the most embarrassing because
of the protests of the patients and the complaints
of the surgeon; moreover, it induces depression in
the anesthetist as a result of reduced self-esteem.
Failure of the block may be considered to all
intents and purposes a complication, which in
general is associated with a high incidence in
brachial plexus block techniques owing to a series
of factors. First and foremost of these is an inad-
equate time period elapsing between injection of
the anesthetic and the start of the operation. In this
connection, we cannot emphasize too strongly the
need to make sure that the patient arrives in the
operating unit well in advance. With the long-
lasting anesthetics available today, there is no risk
that excessively early administration of the
anesthesia will result in the effect wearing off too
soon. In addition, the anesthesia technique must
be performed in the preoperating room, because if
it is done in the operating room while the surgeon
is sharpening his instruments, it may be difficult to
stop him and expect him to hold fire patiently
before operating.
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One of the reasons for a slow induction is a
particular anatomical disposition of the septa
described by Thompson and Rorie, with the
relative lack of communication pathways
between one compartment and another. In this
case, the time the anesthetic takes to spread to
the other compartments of the plexus from the
point where it was injected may be considerable.
The various expedients or adjuvants aimed at
speeding up the induction of anesthesia have not
proved particularly useful. Also the idea of using
as the first bolus an anesthetic with a shorter
induction time (as mepivacaine is generally
reputed to be) or a mixture of two different an-
esthetics fails to yield any effective benefit. If
the anesthetic has come into contact with the
nerve, there is no appreciable difference between
the various anesthetics, the difference between
induction times not being more than just a few
minutes. The duration of action, on the other
hand, will differ as a function of the chemical
characteristics of the molecule.

The completeness of the block is related to
the spread of the anesthetic to all the compart-
ments of the brachial plexus. At the supracla-
vicular level, the spread is facilitated by a
greater measure of communication between the
various compartments as compared to the axil-
lary level.

In any case, however, in the eventuality of
failure of the block, it can be repeated if there is
enough time available. As Moore suggests, most
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patients do not realize that they have had a
second block if this second block is preceded by
a phrase of the type such as ‘... well, now I'm
going to inject a bit more anesthetic to block this
zone’.

Clearly, if there is a risk of exceeding the
maximum permitted dose of anesthetic or there
is not enough time available, it is advisable to
administer general anesthesia without further
delay.

8.2 Pneumothorax

Pneumothorax, though not the most serious, is
the most feared complication of the supracla-
vicular techniques. It constitutes a risk that may
occur even in the most expert hands or when
using techniques that seem to be the safest
possible. The percentage incidence of this
complication varies considerably as a function
of the technique and the anesthetist’s experi-
ence. A simple cough during the plexus location
manoeuvres should immediately alert the anes-
thetist to the risk of an unwanted needle tip
placement. Nor can the use of ultrasound protect
against this risk, because with the supraclavic-
ular techniques, as suggested by Brian Sites, the
first rib acts as a reflecting mirror, thus creating
an acoustic shadow that makes it impossible to
gauge the distance between the needle tip and
the dome of the pleura, which may exceed the
upper surface of the rib by some 2-3 cm.

One should always mistrust those, mainly
female, patients with the asthenic habitus—
drooping shoulders and winged scapulae—so
well described by Berthold Stiller as long ago as
1907. In these patients, the lateral apophysis of
the clavicle may present as constitutionally
rotated downwards, thus superficializing the
brachial plexus, but also the first rib and the
pleural dome.

Nor can ultrasonography be of much help in
this case, because as we have already said, the
reverberation caused by the first rib creates an
acoustic shadow that makes it impossible to
gauge the distance between the needle and the
pleural dome and this may be 2-3 cm higher

than the upper surface of the rib. Despite being

convinced that something is visible, one cannot

avoid puncturing what, in actual fact, cannot be
seen.

One should always beware of the supracla-
vicular techniques, even the ultrasound-guided
ones, in which the needle is directed caudad! As
George Santayana wrote: ‘Those who cannot
remember the past are condemned to repeat it’.

It may happen that the air bleb produced may
be minimal and may thus go undiagnosed clin-
ically, but if the portion of collapsed lung
exceeds 25 %, it is necessary to put a thoracic
drain in place.

Any anesthetist should be capable of per-
forming this simple procedure without having to
involve the surgeon who, being used to placing
the drain under direct vision with the chest open,
generally tends to put it in the same position (7th
to 8th intercostal space on the anterior axillary
line and in the same direction) also with the
chest closed. At this level, to avoid a hepatic
lesion, the surgeon, as is his wont, tends to insert
a blunt-tipped catheter in a cranial direction and
thus with a very acute angle in relation to the
chest wall. In this way, the risk of inserting it
between the parietal pleura and the internal
thoracic fascia exists. This intervention may
show up well at an X-ray check-up but affords
no drainage efficacy. The scenario may be fur-
ther complicated if the anesthetist, lacking
experience and expertise in the placement of
thoracic drains, tries to imitate the surgeon.

The procedure for the placement of a drain
for the treatment for pneumothorax is simple and
consists in three easy manoeuvres:

1. The first manoeuvre consists in administering
the local anesthetic at the point at which the
thoracic drain is to be inserted—the third
intercostal space on the hemiclavicular line.
With a 5-ml syringe filled with anesthetic, a
skin wheal is induced. The needle is inserted
on the hemiclavicular line at the level of the
third intercostal space in a direction normal
to the skin and taking care to skirt the upper
border of the fourth rib so as to keep some
distance away from the neurovascular bundle
of the third. Proceeding gradually step by
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step and injecting small boluses of anesthetic,
preceded by frequent aspirations, one pene-
trates into the thoracic cavity without any risk
of damaging any of the underlying structures.
At a certain point, in fact, the aspiration will
be followed by abundant influx of air into the
syringe, which means that the needle has
reached the cavity. The syringe is discon-
nected, and the needle is left in the chest both
as a marker and, above all, to allow the efflux
of air in the case of hypertensive
pneumothorax.

2. In the same hole, the needle is replaced by a
triangular-bladed scalpel, which is introduced
down to the handle.

3. The triangular-bladed scalpel is replaced by a
drain fitted with a sharp-edged mandrel that
is gripped in the left hand which, resting
against the thoracic wall, acts as a brake
(as in the peridural procedure), whereas the
right hand grips the tail knob of the mandrel
and imparts the force. We proceed with a
series of light taps on the mandrel until a dull
click indicates that the drain tip has pene-
trated beyond the parietal pleura and has
entered the thoracic cavity. As we have
already said, it is good policy not to use
blunt-tipped drains because they easily create
false paths, insinuating themselves between
the parietal pleura and the internal thoracic
fascia. The latter can be used in the eventu-
ality of a subsequent replacement of the
drain. Lastly, a fairly large thread (No. 0) is
used to construct a tobacco-pouch suture on
the skin at a distance of half a centimetre
from, and around, the entry point of the drain
so as to guarantee the sealing. After tighten-
ing the thread, though not so much as to
render the tissues ischaemic, a string is con-
structed, measuring a few centimetres in
length, with a series of simple knots in suc-
cession, which is finally tied around the drain.
To make sure that this last knot, which must
secure the drain in place, does not slip along
the drain, we have to tie a three-turn knot
(one turn is a simple knot, two turns a sur-
gical knot and therefore one turn more than
the surgical knot). This latter three-turn knot

guarantees that it does not loosen while we
are tying the second simple holding knot. Not
only this, but if when tightening it, we
slightly squeeze the drain, forming a kind of
collar, it will not be subject to slackening,
thus guaranteeing the absolute stability and
fixity of the system. Finally, the drainage
tube will be connected to a large bottle
equipped with a water valve.

8.3 Nerve Injuries

The possibility of causing a serious nerve injury
is relatively rare, but should be borne in mind
whenever approaching a nerve with a needle.
The use of electrical nerve stimulation or of
ultrasound should not make us feel safe from
this complication which, even in its least severe
manifestations, may cause the patient trouble-
some paraesthesias as well as even more trou-
blesome forensic sequelaec for the anesthetist,
associated with lawsuits for damages as a result
of symptoms, which are hard to quantitate and
which, once they set in, one is never able to
establish objectively when they will finish.

The first measure that needs to be adopted in
order to avoid puncturing the target nerve to be
identified is not to be in a hurry. For this reason,
too, it is necessary to bring the patient to the
operating unit in good time. The insertion of the
needle must be slow. If it is not inserted slowly,
there is a risk that it will reach the target before
one realizes that the stimulation has taken effect.
This is also valid even if the block is simulta-
neously ultrasound-guided.

Another problem has to do with the cutting
angle of the needle bevel. This is a problem that
dates back to the time when the injection of the
anesthetic necessarily followed an initial par-
aesthesia induced by contact of the needle with
the nerve structure. ‘No paresthesia, no anes-
thesia’ declared Daniel Moore.

It may seem obvious, as maintained by
Selander, that when you have to elicit a paraes-
thesia by contact, a sharper-tipped needle may
cause greater damage to the nerve by penetrating
more deeply and that, at first sight, a blunt-tipped
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needle may seem less damaging, but there are
other arguments that counterbalance this
assumption.

The first is that a sharper needle proceeds in
the tissue with a uniform movement, whereas a
more blunt-tipped needle, endowed with poorer
penetration, undergoes sudden, though minor,
accelerations related to the resistance which it
encounters and then overcomes, albeit thanks to
a small increase in ‘vis a tergo’ (‘force from
behind’). In this case, the needle risks reaching
the target with an accelerated movement and
therefore without sufficient control and with the
possibility of causing a lesion; there is conse-
quently not enough time to induce a visible
muscle contraction useful for arresting the
course of the needle in good time.

A second consideration is that a needle with a
long bevel has a much more oval exit hole than a
short-bevel needle, with the result that, in the
case of partial insertion in the nerve, the long-
bevel needle presents the possibility of dis-
charging the anesthetic via the part of the lumen
that has not penetrated into the nerve, whereas
the short-bevel needle is more likely to have all
its lumen embedded in the nerve structure with
the result that the anesthetic will be injected
more easily at the intraneural level. Lastly,
studies by Rice and McMahon have demon-
strated that short-bevel needles are effectively
more damaging.

On the other hand, however, the long-bevel
needle tip, if it impacts against a bony structure,
may be bent into the form of a kind of micro-
scopic hook, which may snag on, and damage a
nerve structure during needle withdrawal or
direction-changing movements.

Be that as it may, regardless of the type of
needle tip, if, regrettably, an intraneural injec-
tion were to occur, the consequences would be
more severe, because in addition to the
mechanical damage caused by the needle tip
(nerve lesion plus haemorrhage due to rupture of
the vasa nervorum), there would also be
ischaemic damage related to the increased
pressure and/or the presence of adrenaline in the
anesthetic mixture.

Sunderland has classified nerve injuries as
belonging to five different degrees of severity.

A first-degree injury occurs when moderate
pressure is applied to a nerve for a brief period.
Belonging to this degree of severity is com-
pression of the sciatic nerve due to an incorrect
posture followed by the classic paraesthesia of
the lower limb or compression of the ulnar nerve
due to an incorrect position of the forearm on the
armrest of the operating table for surgery of brief
duration. Another cause may be an excessively
inflated haemostatic tourniquet applied to a limb
with reduced muscle mass. In all these cases, the
mechanism of action consists in compression of
axonal fluids but, above all, in ischaemic com-
pression of the vasa nervorum followed by
anoxia proportional to the compression time.
The pathogenic mechanism is that of a transient
ischaemic attack. The nerve function recovery
time will be proportional to the intensity of the
pressure applied and its duration, but also to the
presence of concomitant diseases such as dia-
betes or other degenerative diseases. In normal
conditions it should not exceed about a fortnight;
otherwise, we have to suspect a second-degree
injury.

Classified as second-degree nerve injuries
are those in which, as a result of the death of
the nerve segment concerned, the distal part of the
axons no longer receives the axoplasm from the
respective neurons with consequent Wallerian
degeneration also involving the myelin sheaths.

What remains, as the only important traces
for future regeneration, are the endoneurial
tubules, which are scavenged of debris by the
macrophages and Schwann cells. New axo-
plasm, from the respective neuron, then revital-
izes the tubules, regenerating their contents; this
regeneration takes place at the rate of 2-3 mm
per day. The Schwann cells simultaneously
envelop and myelinate the tubules.

Sunderland’s third-degree injury is a nerve
fibre interruption. In third-degree injury, there is
a lesion of the endoneurium, but the epineurium
and perineurium remain intact. The third-degree
injury is a lesion of the endoneurial tubules, but
the structure of the fascicles is substantially
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preserved. This occurs in lesions caused by
needles, but not followed by injection.

A fourth-degree injury is defined as a lesion
in which the fascicles and tubules, in addition to
being damaged, are disorganized as in the case
of intraneural injection.

In third- and fourth-degree lesions, both the
axons and the myelin sheaths degenerate, but not
the Schwann cells which, in conjunction with
the macrophages, proceed to clear away the
degeneration debris. Immediately after the
injury, the Schwann cells proliferate, thus
restoring an anatomical continuity, which is
extremely important for the regeneration of the
nerve. This regeneration comes about fortu-
nately in a shorter time period than the prolif-
eration of the fibroblasts, which therefore do not
have time to cause cicatricial obstacles. The
Schwann cells of the segment proximal to the
nerve also proliferate, thus reconnecting to those
of the distal segment. The proliferation of these
cells takes place longitudinally, leaving spaces
that will be reoccupied in the regeneration pro-
cess by the interrupted axons at the rate of 2 mm
per day.

If the axons are severed transversely, the
myelin sheath is also interrupted; in this case,
the proximal stump degenerates over a brief
segment in a retrograde sense; after a few days,
axonal sprouts begin to form which, emerging
from the severed stump, start to progress. Nor-
mally, this regeneration reaches the peripheral
stump, the tubules are reoccupied by axons, and
eventually the function of the respective
peripheral receptors is restored. Even in the best
of aseptic conditions or normal mesenchymal
reactivity, however, a certain number of fibres
regenerate successfully, but others are trapped in
the fracture line and their sprouts therefore form
a ‘neuroma-in-continuity’. Even after only par-
tial lesions, the growth of small fascicles of
axons or even of single axons may give rise to
the formation of microneuromas.

The regeneration does not always reoccupy
the right tubule, and therefore, it may occur that
motor fibres may restore sensory fibres and vice
versa with an unsuccessful outcome or that a

sensory fibre may reoccupy another with a dif-
ferent function, but in this latter case, the sen-
sory function is remodulated at central level.

In normal conditions, once the endoneurial
tubules have been regenerated, the Schwann
cells reenvelop the tubules completely and then
deposit myelin around them.

The situation is complicated if the needle tip
has carried with it germs or other substances
(undried disinfectant or ultrasonography gel) or
if the patient has a hyperergic mesenchymal
habitus; in these cases, the progression of the
axonal sprouts is obstructed first by inflamma-
tory processes and then by cicatricial processes,
tending to form a tangled mass.

One can never overemphasize the importance
of asepsis and the need to wait until the disin-
fectant has dried out (also in order to give it time
to act!) and to take care not to drag ultraso-
nography gel in with the movements of the
needle. The needle must first be inserted in
the subcutaneous tissue, and then, the gel and the
probe are applied, in such a way that the needle
tip, which is the part that may finish up in-
traneurally, does not draw in gel and its addi-
tives, particularly into the bevel, not to mention
the bad habit of using the disinfectant liquid in
the place of gel with the risk of drawing the
liquid in when manoeuvring the needle, or,
worse still, beyond the perineurium in the case
of nerve puncture. We should not forget that
iodine is an extremely aggressive disinfectant.
Free iodine captures electrons to form iodine
ions which combine with various organic sub-
strates, oxidizing lipids, amino acids and pro-
teins, hence its action against bacteria, fungi and
mycobacteria, but also viruses and protozoans.
Before suturing a wound, surgeons generally
disinfect tissues and viscera rather carelessly,
preferring a slight degree of tissue mortification
to a hypothetical bacterial contamination. It is
quite another matter to carry active iodine into
the perineurium, or, even worse, into the axon!

If the anesthetist suspects that he or she has
caused a nerve injury, the use of antibiotic pro-
phylaxis and cortisone is justified in order to
block any possible fibroblast proliferation.
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In the paravertebral approaches, the needle
may come into contact with the spinal nerve
both in the intervertebral conjugate foramen and
immediately outside it. If the conjugate foramen
is stenotic for various reasons such as scoliosis,
arthrosis (present in 10 % of the adult popula-
tion) with the presence or otherwise of osteo-
phytic spurs, the nerve has less freedom of
movement when in contact with the needle and
therefore is more likely to be injured.

8.4  Phrenic Nerve Palsy

The phrenic nerve is formed by the spinal nerves
C3, C4 and C5. As we have already said in the
chapter on the anatomy of the cervical plexus,
the main root of the phrenic nerve consists in the
anterior division of C4 with a contribution from
the anterior divisions of C3 and C5. The nerve,
thus formed, emerges from the neurovascular
space at the level of the apex of the scalene
triangle and runs, adhering to the anterior sur-
face of the anterior scalene muscle, in an
inferomedial direction until it reaches the medial
angle that the scalene muscle forms with the first
rib where it passes into the thorax.

Its involvement in brachial plexus block
techniques is all the more probable, the more
closely the techniques approach the cervical
column and the greater the volume of anesthetic
injected.

The incidence ranges from 100 % in the high
interscalene block, as reported by Urmey, to
67 % reported by Knoblanche, and 50 %
reported by Neal. In our experience (middle in-
terscalene block) in a radiographic study of 97
patients subjected to arthroscopy of the shoulder,
anesthetized with 0.4 ml/kg of 0.75 % levo-
bupivacaine, we registered 60 % diaphragmatic
paresis at the end of the intervention (approxi-
mately two hours after induction and therefore
with the block well stabilized).

Obviously, numerous diseases and conditions
contraindicate the use of supraclavicular plexus
anesthesia precisely on account of the risk of
blocking the phrenic nerve. These include a
previous pneumonectomy or even a simple

contralateral lobectomy, a lesion of the contra-
lateral phrenic nerve, chronic obstructive lung
disease, asthmatic disease, even if quiescent at
the time, myasthenia and all the neuromuscular
degenerative diseases.

In any event, even in a healthy subject, in
view of the fact that we have to consider that at
least 50 % of cases present this complication,
albeit in asymptomatic form, we must pay par-
ticular attention to the saturation measurements,
especially in those cases where more or less
heavy sedation is required. The intubation of the
patient in the seated position ‘is likely to prove
so awkward and inelegant as to be formally
inadvisable’ (Gasparetto); the patient needs to be
rapidly placed in the supine position, upsetting
the entire operating field and the mental stability
of the surgeon. Nor would it be much easier in
the seated position to insert a laryngeal mask
airway, even if with a bit of practice and
tempting fortune.

All in all, in certain situations which it would
be wise to prevent as early as the time of the
preoperative visit, one should not regard giving
up the idea of administering regional anesthesia
right from the outset and resorting instead to the
use of general anesthesia as a sort of ‘diminutio
capitis’ (a diminishing of personal status).

8.5 Vascular Lesions

The arterial circulation of the cervical spinal
cord occurs via an extraspinal network, to the
formation of which three different types of
arteries contribute—the anterior spinal arteries,
the posterior spinal arteries and the lateral spinal
arteries, all branches of the vertebral and/or
ascending cervical artery.

The two anterior spinal arteries, right and left,
originate, respectively, from the two vertebral
arteries at a level lower than the point where the
two vertebral arteries unite to form the basilar
artery. From their point of origin, the two
arteries converge and merge into the anterior
spinal trunk, which, following the anterior
median fissure of the spinal cord, terminates at
the level of C5. This path is not always so
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regular, but often forms rhombi and ellipses,
where the two arteries, separating once again,
spread out only to reunite medially to continue
the anterior spinal trunk. This apparently curious
behaviour always occurs at the origin of the
pairs of spinal nerves.

In the same way as the anterior spinal arter-
ies, the right and left posterior spinal arteries
also originate from the vertebral arteries, pos-
terior to the latter, and then travel to the pos-
terior surface of the spinal cord without
merging, running laterally to the posterior
median sulcus. At the level of C2, they divide
into two branches, one of which runs medially to
the posterior roots, practically following Burd-
ach’s fascicle, while the other runs laterally to
the roots. Their course remains parallel to the
posterior median sulcus and terminates at the
level of C5. Caudally, their function, like that of
the anterior spinal arteries, will be taken over by
the lateral spinal arteries.

The cervical lateral spinal arteries originate
from the vertebral artery and from the ascending
cervical artery, a branch of the thyrocervical
trunk. This arises from the arch of the subclavian
artery between the vertebral artery and the
common carotid artery and soon divides into
four branches: the inferior thyroid artery, the
transverse scapular artery, the superficial cervi-
cal artery and, last but not least, the above-
mentioned ascending cervical artery. The latter
also supplies branches to the levator scapulae
muscle and to the anterior scalene muscle, on
whose surface it runs parallel to the phrenic
nerve.

Once the lateral spinal arteries separate from
the vertebral artery or the ascending cervical
artery, they penetrate into the intervertebral
foramen together with the spinal nerves and, at
the bifurcation of the latter into the anterior and
posterior roots, also divide into two branches
which, following the respective roots, terminate
one in the anterior median fissure and the other
in the posterolateral groove.

The anterior branch, on reaching the internal
midline of the spinal cord, divides into an
ascending branch, which anastomoses with the
descending branch of the upper metamere, and a

descending branch which merges with the
ascending branch of the lower metamere.

The posterior branch, on reaching the pos-
terolateral groove of the spinal cord, likewise
divides into an ascending branch and a
descending branch, which merge with the
respective descending and ascending branches
of the neighbouring metameres.

The anterior branches of the lateral spinal
arteries, anastomosing with those of the overly-
ing and underlying metameres, thus form a
middle trunk that is a continuation of the ante-
rior spinal trunk originating from the vertebral
arteries and terminating at the level of CS.

In the same way, the posterior branches of the
lateral spinal arteries continue, at a level below
C5, to assure the presence and function of the
posterior spinal arteries that originate, in the
upper cervical region, from the vertebral arteries.

To conclude, then, the spinal cord is coaxial,
from top to bottom, with five arterial systems:
one anterior, two right posterior that follow the
right posterolateral groove and two left posterior
that follow the left posterolateral groove. The
two posterior systems on each side anastomose
not only with each other but also with the two
systems on the opposite side via transverse
anastomoses.

The spinal cord, then, is surrounded by a
cylindrical arterial network, the perimedullary
circuitry, from which stem the arteries that
supply it in depth. These are as follows: the
anterior and posterior spinal arteries that pene-
trate along the anterior median fissure and along
the posterior median septum; the anterior and
posterior radicular arteries that enter the spinal
cord along the radicular grooves; and the
peripheral arteries which generally number eight
to ten do not enter the spinal cord from precise
reference points and are mainly destined to
supply the white matter.

It is precisely the vertebral artery, the
ascending cervical artery and the lateral spinal
arteries that are exposed to the risk of mechan-
ical injury. In general, however, an arterial
lesion rarely indexes a spinal ischaemia thanks
to the numerous anastomoses present in the
perimedullary circuitry. There can be no doubt,



148

F. Alemanno

however, that the intra-arterial injection even of
small amounts of anesthetic can lead to an
unwanted segmental spinal anesthesia. Other
contributory causes are necessary to bring about
the occurrence of an ischaemic syndrome; these
include a concomitant hypotension that occurs
as a result of the often tardy onset of Bezold—
Jarisch syndrome.

Another adverse event might be a multifrag-
mented fracture of an atheromatous plaque
caused by the needle with microembolization of
the spinal arteries.

Haematomas are relatively rare when using
supraclavicular techniques. They may be caused
not so much by puncture of the subclavian artery
as by puncture of the transverse artery of the
neck or of the vertebral artery. Normally, this
complication requires only compression and
observation. The anesthetist may have doubts as
to whether the block may be less efficacious due
to dilution of the anesthetic with a non-easily
estimated amount of blood and/or as a result of
plasma protein binding which might retard the
effect.

8.6  High Spinal Block

This is one of the most serious complications
that can occur. The signs and symptoms take
very little time to set in, and therefore, they need
to be recognized early so as to be able to treat
them in time. Generally speaking, the patient
manifests an early bilateral block of the brachial
plexus and dyspnoea, becomes agitated and
experiences first tachycardia and then brady-
cardia; cyanosis and convulsions set in rapidly,
and the patient may stop breathing altogether.
The respiratory arrest is due to bilateral block of
the phrenic nerve and the accessory respiratory
muscles (scalene muscles, intercostal muscles,
etc.) and/or to cerebral anoxia due to severe
hypotension. The first remedial measure consists
in the administration of O, in a mask with a to-
and-fro, immediately followed, if necessary, by
intubation of the patient and connection to an
automatic respirator, amongst other things in
order to have the hands free in case cardiac

arrest occurs. The hypotension is corrected by
administering ephedrine or ethylephrine (Effor-
til-R) in addition to an adequate infusion of
fluids and plasma expander with the flow re-
strictor fully open. In the eventuality of cardiac
arrest, after an adequate heart massage has failed
to yield a result, one should proceed with an
intravenous injection of one or two ampoules of
adrenaline followed immediately by heart mas-
sage. If the ampoules of adrenaline and the
subsequent heart massage fail to yield the
desired results, the anesthetist should not hesi-
tate to inject a third ampoule. If high-voltage
ventricular fibrillation follows, electrical defi-
brillation must be performed. I believe it is
useful to implement ECG monitoring of the
patient right from the start of the anesthetic
procedures, in addition to the monitoring of
SpO, and arterial blood pressure. Unfortunately,
a substantially lax, ‘economic’ monitoring is
often practised using only the oxygen saturation
meter and forgetting that, in the case of cardiac
arrest, the timing of the therapy for such arrest or
for ventricular fibrillation (apart from heart
massage) is very different.

If cardiac arrest occurs, even when treated with
an effective heart massage, one should always
suspect the onset of cerebral acidosis, particularly
if the patient shows no immediate sign of rearousal.
In this case, an infusion of tromethamine (THAM)
would be useful. Bicarbonate, in fact, takes
approximately 30 min to cross the blood-brain
barrier! We should not forget, however, that
THAM is so potent and has such an immediate
action also on cells of the respiratory centre, which
are known to function on the basis of H ions, as to
give rise to respiratory failure, if the latter are
neutralized. This, however, should not be a major
concern for the anesthetist-resuscitator who pos-
sesses all the means necessary to guarantee the
patient’s breathing.

8.7  Toxic Reactions

Toxic reactions due to absorption are somewhat
rare, even though substantial amounts of anes-
thetic are used for brachial plexus blocks. The
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neurovascular bundle is a relatively closed,
poorly capillarized system, despite the fact that
vessels of fairly large calibre run within it, but
these are practically impermeable to the anes-
thetic. The tissue consists of adipose and loose
cellular connective tissue in addition to a few
lymph nodes. The absorption is distinctly slower
compared to that of an intramuscular injection.
A number of muscles, such as the scalene
muscles, seem to be in close contact, but the
anesthetic would have to penetrate not only the
deep cervical fascia that constitutes the actual
sheath of the neurovascular bundle, but also the
external perimysium of said muscles before
coming into contact with the rich muscular
capillary system.

The toxic reaction, on the contrary, will be
very rapid even if only a few millilitres are
injected into a vessel, particularly the vertebral
artery. As we have already stated in a previous
chapter, while performing an interscalene block,
I had the misfortune of narcotizing a patient by
injecting 2 ml of 2 % mepivacaine into the
vertebral artery. The effect was similar to that of
an intravenous injection of 300 mg of sodium
thiopental: the patient’s eyes glazed over and the
tongue dropped back suddenly. Manual ventila-
tion with a face mask and orotracheal intubation
were easily performed without the aid of muscle
relaxants; the muscles of the head and neck
were completely relaxed. It is likely that local
anesthesia of all twelve cranial nerves was
induced via the basilar artery. The narcosis did
not last more than fifteen minutes; the patient
was extubated, fortunately remembering noth-
ing, and was taken back to the ward and, after a
thorough neurological examination, was oper-
ated on the next day under genuine general
anesthesia.

The intravascular injection of local anes-
thetic, especially if intravenous, may lead to
cardiac disorders, because, precisely on account
of its mechanism of action, it induces repolari-
zation alterations. This occurs above all with
the use of racemic anesthetic solutions because
the dextrorotatory form tends also to occupy the
potassium channels.

According to Finucane et al., the adminis-
tration of anesthetic should not be based only on
the patient’s weight, which certainly, if low,
must limit the amount injected, but in the case of
higher weights, one should also take account of
the patient’s height, as suggested by Winnie,
or the length of the patient’s arm, which would
make for a better calculation of the capacity of
the neurovascular bundle.

In anesthesiological practice with the middle
interscalene block, the volume of anesthetic is
normally calculated as 0.4 ml/kg. In patients
weighing more than 80 kg, our calculation is no
longer based on body weight in kg, but on height
in cm exceeding one metre (0.4 ml/cm). If,
however, the height in cm above one metre
exceeds the weight in kg, we revert to calculating
the volume of anesthetic in ml/kg (0.4 ml/kg).

There has recently been considerable interest
in the disintoxicating action of 20 % lipid
emulsions in cases of acute intoxication due to
local anesthetics. The first study published on
this subject was a report by Weinberg et al. in
1998, demonstrating that the toxic dose of
bupivacaine that induced asystole in rats was
altered by a lipid infusion. Five years later, the
same author published a second article in which
he demonstrated that the lipid infusion, admin-
istered to dogs in which bupivacaine toxicity
was induced, was capable of improving hemo-
dynamics and survival. The first reports on the
use of lipid infusion in human subjects as an
antidote to the systemic toxicity of local anes-
thetics were those published by Rosenblatt who
used it immediately after resuscitation manoeu-
vres applied as a result of cardiac arrest, pre-
sumably due to bupivacaine and by Litz et al.
after ropivacaine-induced cardiac arrest follow-
ing axillary plexus block. These instances were
followed by a report by Zetlaoui et al. who
employed lipid infusion as a remedy for intra-
vascular injection of local anesthetic in an
ultrasound-guided axillary plexus block and by
an article by Stephen Markowitz and Joseph
Neal who reported a case of convulsions fol-
lowed by cardiac arrest at the end of a block of
the femoral nerve performed with the aid of
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electrical nerve stimulation. Another article by
David H. Sonsino and Marc Fischler described a
case of convulsions followed by cardiac arrest
after the injection of 20 ml of 0.75 % ropiva-
caine in the course of an infraclavicular brachial
plexus block, immediately treated (within 2 min
of the cardiac arrest) with 50 ml of lipid emul-
sion. Yet another case was that reported by
Héléne Charbonneau who described the rapid
and successful treatment with a lipid emulsion of
a 19-year-old patient intoxicated by 2 %
mepivacaine administered for an axillary block
performed under ultrasound guidance together
with electrical nerve stimulation.

All these reports of acute intoxication due to
intravascular injection in blocks mostly ultra-
sound-guided demonstrate, as reported by
Alexander Gnaho et al., not only the efficacy of
the lipid solution, but also the fact that ultra-
sound guidance does not prevent intravascular
injection, because the ultrasound probe may
compress the vascular structures, particularly
venous structures, making it difficult or impos-
sible to see whether the needle has finished up in
a blood vessel or not. These authors even attri-
bute the possible responsibility for the accident
to unwanted shifting of the needle off course due
to the muscle twitches caused by the electrical
nerve stimulator. In this connection, we feel it is
appropriate to stress once again that the use of a
current intensity—even initial—above 0.5 mA
in brachial plexus block is never justifiable
because it may stimulate the nerve structures
even if the needle tip is just outside the neuro-
vascular bundle. A high current intensity is even
less justifiable with the simultaneous use of
ultrasound guidance because it is this that
enables us to see the progression of the needle
towards the nerve. Our job is to stimulate the
nerve, and not to subject it to an electroshock!

Lastly, worthy of interest is the report by
Marco Baciarello, Giorgio Danelli and Guido
Fanelli, who describe the real-time ultrasound
visualization of injection of local anesthetic into
the femoral artery, interrupted after 4 ml, on
observing a hyperechoic variation in the vessel
lumen.

8.8  Bezold-Jarisch Syndrome
Bezold-Jarisch syndrome is basically a severe
and ingravescent syndrome with a strong vagal
component, characterized by bradycardia and
hypotension to the point of apnoea. It responds
poorly to atropine and better to ephedrine and
ethylephrine (Effortil-R), to mention those drugs
that are always present and ready on the trolley
for regional anesthesia. It obviously also
responds to the major catecholamines such as
adrenaline and isoproterenol, which, however,
are generally hardly ever readily at hand when
needed; adrenaline usually has to be fetched
from the refrigerator and isoproterenol from the
hospital pharmacy.

The first to describe the syndrome was Albert
von Bezold in 1867, who, in the Physiology
Laboratory of the University of Wiirzburg,
studied the effects of a glucoside alkaloid
extracted from a fairly common plant in Europe
belonging to the Liliaceae family, namely
Veratrum album.

This alkaloid activates all the vagal receptors
at the cardiopulmonary level. These early studies
were later taken up again and developed in
greater depth by Adolf Jarisch Junior in 1940.

The syndrome may occur in two apparently
very different types of anesthetic block, that is to
say subarachnoid anesthesia and interscalene
blocks. There are those, like Kinsella and Tuckey,
who deny that this is a vasovagal syndrome. In
any event, its occurrence is made more severe by
the presence of conditions of hypovolemia and,
for the same reason, is favored by the seated
position which gives rise to hypovolemic stasis in
the lower limbs. It may also occur as a result of
intravascular injection of local anesthetic.

But how do we explain its occurrence in two
so very different anesthetic blocks as the sub-
arachnoid block and the proximal block of the
brachial plexus? One of the mechanisms
whereby the syndrome may occur consists in the
involvement of the cardiac sympathetic system.
This is known to derive from the three cervical
ganglia—upper, middle and lower (or stellate)—
which give rise to the three cardiac nerves
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—superior, middle and inferior. The thoracic
sympathetic system, starting from the metameres
of the lateral horns of T3, T4 and T5, also makes
a substantial contribution. We are, however,
well aware of the anatomical variability and of
how approximate the neurovegetative innerva-
tion can be: it is by no means impossible that the
competent paravertebral ganglia may be T2, T3
and T4, or T4, T5 and T6. This is what Winnie
would call a prefixed or postfixed cardiac sym-
pathetic plexus.

So, a hyperbaric anesthetic introduced at the
level of L2-L3, if the patient is lying in the
supine position, rises towards the upper meta-
meres following the clivus of the lumbar lor-
dosis and stops at the level of the dorsal
kyphosis, T6. If, for anatomical or clinical rea-
sons (even a slight Trendelenburg position), the
anesthetic rises beyond that limit, it may easily
enter the area of competence of the cardiac
sympathetic system, possibly postfixed.

Alteration of
myocardial contractility

\

=L

JAwakelpatient

Alteration of
sympathetic tone

On the other hand, a considerable volume of
anesthetic, injected at the interscalene level, may
find a cleavage plane at the level of the deep
cervical fascia, descending along which, under
the effect of gravity, it may reach the first tho-
racic segments of the paravertebral sympathetic
chain, above all in a patient in the seated posi-
tion. It is no accident that the syndrome may set
in even as much as an hour after performing the
block—the time it takes to make its way towards
the thoracic portion of the cardiac sympathetic
system—and this may come on top of other
contributory factors such as hypovolemic stasis
in the lower limbs (due to sympathetic lumbar
block in spinal anesthesia or in the ‘beach-chair’
position, often used in operations on the shoul-
der) (Fig. 8.1).

The therapy, as mentioned above, consists in
the administration of vagolytic and sympatheti-
comimetic drugs, simultaneously accelerating
the fluid infusion rate, this latter being an

Bezold-Jarisch syndrome
Hypotension + bradycardia

!

Supraclaviculars 4
block

End-diastolic volume

Half-empty heart

Fig. 8.1 Etiopathogenetic mechanism of Bezold-Jarisch syndrome. The patient is reclining in the ‘beach-chair’
position. Therapy: pharmacological treatment 4+ Trendelenburg position, if necessary
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inadequate measure when used alone, but one
which is implemented in the sense of ‘every
little helps’, also because the increased fluid
flow rate in the venous system of the arm acts as
a vehicle for the rapid delivery of the drugs to
the heart. If necessary, the patient should be
transferred in the Trendelenburg position; obvi-
ously, not in the case of spinal anesthesia, where
only the legs may be raised.

As far as the drugs are concerned, we make
abundant use of atropine above the classically
recommended dose of 0.01 mg/kg; in certain sit-
uations, a 1 mg bolus is perfectly justified. If this
administration fails to work within one minute,
and in severe cases immediately afterwards, we
resort to the use of ephedrine, the sympatheti-
comimetic agent of choice and first-line drug in
these situations. Ephedrine acts in two ways: it
increases the release of noradrenaline, the
depletion of which in the presynaptic deposits
explains the tachyphylaxis of the drug; it also
acts as a monoamine oxidase inhibitor (MAOI)
which does not cross the blood-brain barrier and
therefore has no unwanted central effects. This
second mechanism explains the relatively long
duration of the effects achieved. The best way of
using the drug is in low repeat doses at brief time
intervals until the desired effect is obtained and
without running the risk of exaggerating. Other
drugs can be used if ephedrine fails to yield an
adequate response and to prolong the results
obtained. On the basis of our experience, these
may be dopamine, metaraminol and adrenaline.
If cardiac arrest occurs, we refer the reader to the
classic treatises of resuscitation.

Claude Bernard-Horner
Syndrome (Miosis-Ptosis-
Enophthalmos)

8.9

Claude Bernard-Horner... who was he? But was
he just one person... with two French Christian
forenames and a German surname.... or were
they two people, or perhaps even three?

Our textbooks never explain this.

Claude Bernard (1813-1878) was French, a
disciple of Magendie, at whose death he took over
the post of Professor of Experimental Medicine in
Paris. He described the syndrome in 1862.

Johann Friedrich Horner (1831-1886) was a
Swiss ophthalmologist and Professor at Zurich
University. He described the syndrome in 1869.

Rather than a complication, this sequela is
regarded as a side effect, which normally
regresses within 24 h. It is attributable to a block
of the cervical sympathetic system. For this
reason, the afferences to the ciliary ganglion are
severed, which explains the miosis. Obviously, in
the case of multiple traumas, with the simulta-
neous presence of head injuries, the block is to be
avoided because, after an anesthetic block per-
formed for surgery of the humerus and/or
shoulder, the patient would present with a certain
anisocoria persisting for several hours, which
would seriously confound the neurosurgeon. As
regards the drooping eyelid, it is not a real ptosis;
the third cranial nerve, the common oculomotor
nerve, is intact and, more specifically, the pal-
pebral ramus of its upper terminal branch is
intact. Palpebral ‘ptosis’, in contrast, is due to
sympathetic block of the superior tarsal nerve,
which innervates the smooth muscle fibres of the
tarsus (a fibroelastic lamina endowed with
Miiller’s tarsal muscles), thus giving rise not so
much to ptosis as to a relaxation of the eyelid and
therefore a narrowing of the palpebral rim.

And what about the enophthalmos? The same
explanation goes for this problem, too. Tenon’s
capsule, which is attached to the circumference
of the eye socket and envelops the eyeball in a
manner resembling a truncated cone, is endowed
with smooth muscle fibres innervated by the
sympathetic nervous system, which gives them a
more or less constant tone. In the eventuality of
hyperthyroidism, in fact, characterized by sym-
pathetic hypertonia, exophthalmos may occur;
the formation of primary retrobulbar fat, which
is often regarded as being the cause of exoph-
thalmos, is only secondary to the space created
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by the protrusion of the eyeball (natura abhorret
vacuum—‘Nature abhors a vacuum’). In the case
of a sympathetic block, the opposite to what
happens in hyperthyroidism occurs, namely
enophthalmos.

There is no treatment for Claude Bernard-
Horner syndrome; one can only warn the patient
that the syndrome will probably occur and that,
as in Murphy’s law, even if one were able to
take all and heaven knows what imaginable
precautions, it would happen all the same.
Obviously, the patient must also be reassured
that the syndrome will disappear by the fol-
lowing morning (amyelinic fibres remain anes-
thetized longer than myelinic fibres). The
statistical incidence of the syndrome varies
according to the different authors and block
techniques. According to Al-Khafaji & Elias, it
ranges from 18 to 98 %.

As far as the middle interscalene block is
concerned, in a study of ours in 692 patients, the
incidence of Claude Bernard-Horner syndrome
was 93.5 %.

8.10 Recurrent Nerve Block (Some
Good May Come of it)

The right recurrent laryngeal nerve stems from
the vagus nerve at the base of the neck in front
of the subclavian artery and, after looping
around it from front to back, travels medially
following the right margin of the oesophagus.
After emitting the middle cardiac branches, the
tracheal, pharyngeal and oesophageal branches,
it terminates in a portion called the inferior lar-
yngeal nerve. The latter splits into an anterior
and a posterior branch: the anterior branch
innervates the cricoarytenoid, oblique thyroary-
tenoid, aryepiglottic, thyroepiglottic and vocal
muscles; the posterior branch travels to the
posterior cricoarytenoid and the transverse ary-
tenoid muscles, anastomosing finally with the
internal branch of the superior laryngeal nerve to
form Galen’s loop. The left recurrent laryngeal
nerve stems from the vagus nerve at the level of
the aortic arch and after looping around it, as the
right recurrent nerve does with the subclavian

artery, it ascends along the anterior surface of
the oesophagus, behaving and terminating in the
same way as its right-side counterpart.

The spread of the anesthesia to the inferior
laryngeal nerve is relatively infrequent and, in
any case, unpredictable. The various authors
report differing statistical data. According to
Ward, recurrent nerve block is present in 3 % of
cases. According to Urmey, the dysphonia is due
not so much to the recurrent nerve block as to
the concomitant block of the sympathetic sys-
tem: by giving rise to secondary vasodilation of
the pharyngeal and laryngeal vessels, this may
cause oedema of the vocal cords (true and false)
on the same side as the block with impairment of
the vocal mechanisms.

In our study of 692 patients, using the middle
interscalene block, we registered the phenome-
non in 0.9 % of cases. Intuitively, it seems more
likely to occur with the techniques that involve a
closer approach to the cervical spine and in
proportion to the volume of anesthetic used. A
recurrent nerve block is generally resolved by
the day after the intervention, again depending
on the anesthetic used. Rather than being a
complication, it is an embarrassing side effect. It
is embarrassing for the patient who finds it hard
to communicate with relatives who come to see
him or her and for the anesthetist who has to
reassure them that the phenomenon is only
transitory. I remember the case of a loquacious
lady whose husband forestalled any attempt at
reassurance on my part by asking me: ‘She’s
going to stay that way, isn’t she?’

8.11 Bronchospasm

In epidural or subarachnoid anesthesia, the rare
cases of bronchospasm are explicable in terms of
an extension of the anesthetic block to the tho-
racic metameres, which nullifies the sympathetic
innervation of the bronchial system by boosting
vagal activity. It is, however, more difficult to
find this mechanism responsible in the case of a
proximal block of the brachial plexus, postulat-
ing an extension of the block in a caudal
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direction along the thoracic paravertebral sym-
pathetic chain. If this were the case, as Shah and
Hirschman have pointed out, the phenomenon
would be unilateral. In any event, this eventu-
ality, albeit rare, makes it even more inadvisable
to subject patients who have a positive history
for episodes of an asthmatic type to a supracla-
vicular block of the brachial plexus.
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9.1 Introduction

The ideal brachial plexus block should rapidly
produce complete anesthesia of the upper arm,
forearm and hand, permit stable positioning of a
catheter and be almost entirely free of side effects
and complications. It should be possible to per-
form the block without having to place the arm in
any particular position and be effective even with
just a single puncture. The infraclavicular bra-
chial plexus block is a good candidate.

In this chapter, we will be adopting a scheme
illustrated in a previous review by Tran et al.
distinguishing between the term ‘approach’,
meaning the access route to the brachial plexus
(interscalene, supraclavicular, infraclavicular,
axillary, midhumeral), and the term ‘technique’,
referring to the mode whereby the plexus is
located (paraesthesia, neurostimulation, ultraso-
nography), or the endpoint, that is to say the
target predetermined before injecting the local
anesthetic (type of contraction elicited, one or
more injections, etc.).
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The various aspects that make up the vast
subject matter of infraclavicular blocks will be
analysed paying particular attention to what has
been described and demonstrated in the litera-
ture in keeping with the dictates of evidence-
based medicine. Anesthetists have always shown
a certain amount of interest in this approach to
the brachial plexus, asking themselves numerous
questions for which they have come up with
answers in the course of recent decades on the
basis of a whole series of targeted, increasingly
accurate scientific studies.

In this chapter, we have attempted to collect
these answers and summarize them from the vast
body of literature on the subject, as shown by the
very substantial suggested reading listed below.
We are confident that both the reader
approaching the practice of regional anesthesia
for the first time and the more experienced
anesthetist may find interesting insights here
capable of improving their clinical practice to
the benefit of the patient and for their own per-
sonal and professional satisfaction.

9.2  Anatomy of the Infraclavicular

Region

‘Regional anesthesia is simply an exercise in
applied anatomy’ claims Winnie, one of the
founding fathers of this discipline, in order to
stress the importance of a profound knowledge
of anatomy for performing safe and effective
peripheral anesthesia.
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The infraclavicular region is clearly delimited
superiorly by the bony edge of the clavicle, and
inferiorly by the border of the pectoralis major
muscle; the deltopectoral groove marks the outer
limit, whereas a vertical line from the bony edge
proximal to the internal border of the pectoralis
major muscle closes off the area medially. From
externally to internally, we recognize a surface
layer of loose cutaneous and subcutaneous tissue
below which we find the aponeurosis of the fascia
of the pectoralis major muscle, which, via the
deltopectoral groove, extends towards the deltoid
muscle. The subsequent plane is identified as the
pectoralis major muscle beneath which runs the
clavipectoral fascia containing the middle axil-
lary artery and the subclavian muscle and extends
to the pectoralis minor muscle. Its deepest part
goes on to constitute the anterior wall of the
axillary fossa; in the latter, in its more medial part,
runs the neurovascular bundle with the axillary
vein followed by the artery and the three cords of
the brachial plexus that gradually wind around the
artery as it travels distally.

Various authors have described different
procedures for reaching the brachial plexus by
an infraclavicular route, proposing landmarks
and indicating connection lines identifying the
most suitable point of insertion of the needle.

Fig. 9.1 Anesthetic line
on the patient (P. Pippa,
P. Busoni)

For a deeper understanding of the course of the
nerve fibres, it is useful to describe the teaching
instrument consisting in the existence of a
hypothetical ‘anesthetic line’ that connects the
various points identified by the different
approaches to the brachial plexus, ranging from
the interscalene to the axillary approach. With
the patient in the supine position, with the head
turned towards the side contralateral to the side
to be anesthetized and the arm abducted 45° in
relation to the thorax, a line is traced joining the
points on the skin identifying: (A) the apex of
the scalene triangle at the level of C5, (B) the
mid-point of the clavicle, (C) the deltopectoral
groove between the coracoid process and the
thorax, and (D) the axillary artery pulse in the
armpit (Figs. 9.1 and 9.2).

The visualization of the plexus as a linear
structure crossing the fixed anatomical land-
marks makes it possible to develop variant ver-
sions of the standard techniques, according to
clinical needs, for example, by modifying the
inclination of the needle in order to obtain a
more suitable spread of the local anesthetic or to
facilitate the insertion of a perineural catheter.

To the two-dimensional view of the anes-
thetic line, we can add the third dimension of the
depth of the plexus by introducing the concept of
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Fig. 9.2 Anesthetic line
on a cadaver

‘depth gauging’, that is to say the possibility of
estimating the depth of the brachial plexus on
the basis of surface landmarks, particularly the
clavicle. The latter has a sigmoidal shape with
the lateral terminal part wider and flatter and an
almost cylindrical medial part connected by a
curvilinear central section, which covers a seg-
ment of the neurovascular bundle, the first rib
and the thoracic wall. The application of simple
geometric principles to the constant relationship
between clavicle and brachial plexus in the
vicinity of the coracoid process enables its depth
to be gauged with a margin of error of 1 cm. It
has been seen, in fact, that as the brachial plexus
has an oblique trend, the divergence between its
course and that of the clavicle varies on the
sagittal plane, proving more constant, however,
at 1 cm medially to the coracoid process. In
other words, at this point, the plexus finds itself
more consistently directly below the clavicle,
and therefore, if we imagine a rectangle
extending with its longer side from the clavicle
to the point of insertion, the shorter side will
correspond to the depth of the brachial plexus
(Figs. 9.3 and 9.4).

As regards the location of the lung, the more
laterally one proceeds, the greater will be the
distance between the skin surface and the rib
cage, as well as that between the brachial plexus
and the parietal pleura.

Knowledge of the anatomical relationships of
the structures making up the infraclavicular
region helps to identify the most appropriate entry
point of the needle for performing a thoroughly
safe block. It should not be forgotten, however,
that not only the depth but also other variables
must be carefully evaluated in the execution of the
block, such as the direction of the needle and its
inclination in relation to the chest wall.

9.3  Bazy’s Technique

The first description of an infraclavicular plexus
block dates back to the second decade of the
twentieth century just a few years after the
advent of Hirschel’s and Kulenkampff’s tech-
niques. The aim at the time was to overcome the
limitations of their techniques such as the
incomplete nature of the block in the case of
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Fig. 9.3 For explanation
see text

Clavicle

epth of
insertion

Fig. 9.4 For explanation
see text
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Hirschel’s technique and the frequent reports of
complications, particularly pulmonary lesions,
with the Kulenkampff’s technique.

The French physician Bazy proposed a tech-
nique for approaching the brachial plexus at a
higher level by inserting the needle below the
clavicle in a position immediately medial to
the coracoid process. After placing the patient in
the supine position with the shoulders resting
upon a pillow, the arm was moderately abducted
(about 45°) to bring the plexus into a more

superficial position and to render the coracoid
process more prominent. The anesthetist’s
position is alongside the patient on the side to be
operated on, between the torso and the arm, from
where he identifies the so-called anesthetic line,
that is, the line from the apex of the coracoid
process to Chassaignac’s tubercle. The needle,
measuring at least 9 mm in length, is directed
according to this line in such a way that it barely
skirts the posterior edge of the clavicle. Imme-
diately after the needle passes beyond the upper
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edge, 10 ml of local anesthetic is injected.
Without moving the needle, the arm is then
flexed and adducted in order to approach closer
to the plexus, and a further 10 ml of drug is then
injected.

Slight modifications were subsequently
made to this procedure, but none of them suc-
ceeded in undermining the popularity of the
Kulenkampft’s technique, which continued to be
the technique of choice, relegating the infracla-
vicular approach to no more than the role of an
alternative.

9.4 Raj Technique

A more widespread use of the infraclavicular
brachial plexus block came about after the
technique was included in Labat’s celebrated
1930 textbook entitled Regional Anesthesia. It
was, however, in 1973 that Raj proposed a new
approach for the purposes of overcoming a
number of limitations accompanying the most
widespread type of block via the axillary route,
namely the need to have the patient’s arm
abducted by even as much as more than 90°;
the difficulty encountered in anesthetizing the
musculocutaneous or the axillary nerve; and the
need to administer additional infiltrations to
anesthetize the intercostobrachial nerve, if a
tourniquet is used. In the method described by
Raj, the patient remains supine with the arm
preferably but not necessarily abducted 90°. The
needle entry point is determined at a distance of
2.5 cm below the lower edge of the clavicle and
particularly on the paramedian line that crosses
the point where one succeeds in palpating the
pulse of the subclavian artery before it travels
deeper beneath the clavicle, or on the line
passing through the mid-point of the clavicle.
The needle is then directed at a 45° angle to the
skin, laterally towards the brachial artery, trac-
ing the so-called Raj line. The success of the
block is reported in 95 % of more than 200
patients with no increase in complications such
as vascular puncture compared to other
approaches.

A more recent study by Wilson et al. con-
ducted with magnetic resonance in volunteers
has revealed, however, a substantial degree of
anatomical imprecision with this approach,
showing an average 26 mm deviation of the ‘Raj
line’ from the target with the consequent need to
redirect the needle, increasing the patient’s dis-
comfort as well as the risk of complications.
Moreover, on evaluating the two landmarks, it
was noted that the mid-point of the clavicle is
situated approximately 17 mm (9-23 mm) lat-
erally to the subclavian artery pulse, at the edge
of the clavicle. The landmarks therefore are not
interchangeable in the clinical setting.

This technique has not enjoyed the hoped-for
popularity, and few data are available from the
clinical studies in which it has been used. There
have therefore been many other authors who
have proposed different descriptions of new
approaches, modifying the needle entry site and
reporting various different success and compli-
cation rates.

9.5 Coracoid Approach
Again in 1998, Wilson stated that the infracla-
vicular approach, though effective, was little
used owing to the lack of experience of anes-
thetists who preferred the more familiar axillary
block. Verifying this with the study of the
anatomy of the infracoracoid region by means of
magnetic resonance, he introduced a very simple
and safe technique for performing an infracla-
vicular block. Taking the tip of the coracoid
process as a landmark and shifting 2 cm cau-
dally and 2 cm medially, the needle is then
introduced in a posterior direction. The needle
will thus come into contact with the cords of the
brachial plexus, where they surround the second
part of the axillary artery at a depth of
424 + 149 cm (2.25-7.75 cm) in men and
4.01 £+ 1.29 (2.25-6.5 cm) in women (Fig. 9.5).
The validity of this approach has been con-
firmed in a descriptive study conducted in 150
consecutive patients who were administered
40 ml of 1.5 % mepivacaine plus adrenaline 5
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Fig. 9.5 Coracoid
approach

mcg/ml. Wilson et al. stressed the comfortable
position of the patient’s arm for performing the
block, the importance of an easily palpable bony
landmark even in obese subjects and the high
success rate evaluated as analgesia in the areas
of the five terminal nerves of the plexus, par-
ticularly when a distal contraction (e.g. move-
ment of the hand or fingers) is sought as an
endpoint using the nerve stimulator.

9.5.1 Modified Coracoid Approaches

The renewed interest in infraclavicular blocks
has prompted the search for new technical
solutions. Minville et al. using clearly identifi-
able bony landmarks and electrical nerve stim-
ulation, have experimented with a new
procedure in 300 patients. They indicated the
entry point as lying at a distance of 1 cm below
the clavicle and 1 cm medially to the coracoid
process. The needle was then directed towards
the apex of the axillary fossa at an angle of 45°.
Generally speaking, the first contraction elicited
was that of the musculocutaneous nerve, when
10 ml of 1.5 % lidocaine was injected with
1:400,000 adrenaline. The needle was then

WA
Pectoral
mihor .

1

withdrawn 1-2 cm and redirected medially and
posteriorly in search of a distal contraction (hand
or wrist) with a current intensity ranging from
0.3 to 0.5 mA where another 30 ml of the same
solution was administered (Figs. 9.6 and 9.7).

The simplicity of this proposed technique was
emphasized by a French study, which demon-
strated the remarkable rapidity of the learning
curve. In fact, on comparing the characteristics
of the block performed by anesthetists with at
least two years of experience with those of the
block performed by postgraduate students to
whom the infraclavicular block had only been
explained theoretically, it was seen that there
were no differences in success rates, but only in
execution times, which, moreover, were not
clinically significant.

A modified Raj approach was proposed by
Borgeat et al. With the patient in the supine
position and the arm in a natural position along-
side the body, two landmarks were defined: one
lateral, the ventral portion of the acromial process
of the scapula; and the other medial, the jugulum.
On tracing a line through these two points, one
then identifies the pulse of the subclavian artery in
the armpit. The patient’s head is turned slightly
towards the side opposite the one to be operated
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Fig. 9.6 Minville’s
coracoid approach
(landmarks)

Fig. 9.7 Minville’s
coracoid approach
(anatomical projection)

on, while the arm is abducted 90° and raised
approximately 30°; the outline of the clavicle is
then palpated and marked along its entire length.
The entry point lies at a distance of 1 cm caudad to
the lower edge of the clavicle at its mid-point. The
needle (a 50-mm needle is sufficient) is directed
laterally at an angle of 45-60° to the skin towards
the point where the axillary artery emerges in the
armpit, as close as possible to the lateral border of
the pectoralis major muscle (Fig. 9.8).

The injection, after eliciting a distal con-
traction, yielded an optimal 97 % successes
rate without causing pneumothorax and with

only 2 % of vascular punctures in 150 patients.
The best results were obtained with the distal
contraction of the median nerve (flexion of the
fingers) because this indicated that the needle
tip was approximately in the central region of
the plexus, from which the local anesthetic
could spread more easily to the ulnar and radial
nerves.

The limitations of this technique are the 90°
abduction of the arm which may prove painful in
traumatized patients and the pain caused by the
needle when crossing the pectoralis major
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Fig. 9.8 Landmarks for
Raj’s modified approach.
A ventral part of the
acromial process of the
scapula; B jugulum; C mid-
point between A and B;

D point of emergence of
the axillary artery

Fig. 9.9 The needle is
inserted at the Kilka point,
the mid-point between the
jugulum and the acromion.
The needle orientation is
vertical (anteroposterior)

.

muscle. Mild sedation is particularly indicated
with this technique.

9.6 Vertical Approach

The vertical infraclavicular block described by
Kilka et al. is performed with the patient in the
supine position, with the limb to be anesthetized
adducted and the hand on the abdomen. Two
landmarks are identified: the jugulum and the
ventral part of the acromion. The entry point of

the needle (Kilka point) is at the mid-point of the
line joining the two landmarks, immediately
below the clavicle. The needle is inserted in an
anteroposterior direction, perpendicularly to the
horizontal plane (Fig. 9.9).

It is estimated that the plexus lies at a depth
of 3—4 cm, whereas the pleura lies at a depth of
not less than 6 cm. If no contraction is identified
at the Kilka point, the needle can be reinserted,
again in an anteroposterior direction immedi-
ately caudad to the clavicle at a distance of
0.5-1 cm first more laterally and then more
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medially. If the mid-point of the jugulum-acro-
mion line is lower than the edge of the clavicle,
the needle entry point is defined as the crossover
point of the lower edge of the clavicle and the
sagittal plane passing through the mid-point.
Important for the purposes of reducing the risk
of pneumothorax is to maintain the perpendic-
ular direction of the needle, avoiding medial
deviations. What is more, an excessively medial
direction will more easily lead to an accidental
vascular puncture.

A radiological study of this approach, con-
ducted by Klaastad et al. using magnetic reso-
nance, in 20 healthy volunteers has confirmed
the validity of the indications and precautions
suggested. In particular, the authors emphasize
the need to pay attention to the risk of pneu-
mothorax, inasmuch as it is impossible to define
the safety limits in terms of depth (within a
4-6 cm range, both the plexus and the pleura are
to be found), nor can they be predicted on the
basis of the patient’s anthropometric character-
istics, the only definite fact being a greater risk
in female subjects. Furthermore, it may be that,
in the needle paths suggested, one may
encounter vessels, nerves and the first rib that
may act as warning signs or barriers before
reaching the lung.

9.7 Lateral Approach

For the purposes of substantially reducing the
risk of pneumothorax, a technique has been
proposed that involves the insertion of the nee-
dle in a more lateral site, in order to bring it
closer to the cords and further away from the
pleura. The lateral approach was studied pre-
liminarily by Klaastad et al. in healthy volun-
teers in a non-invasive manner with magnetic
resonance. The safety profile of the block was
confirmed, observing that to make contact with
the pleura, it is necessary to double the recom-
mended 45° entry angle of the needle in relation
to the skin plane, with both 45° and 90°
abduction of the arm, although the authors

advise the use of 90° abduction so as to have
greater precision of the needle path in reaching
the cords as well as a greater distance from the
pleura. In that position, a further improvement is
offered by a 65° rather than a 90° inclination, or
by starting with 40° and gradually increasing the
angle to 80°.

The same authors have also attempted to
further perfect the lateral infraclavicular block
by studying the best inclination of the needle and
the risk of coming into contact with the pleura
and vessels, leaving the patient’s arm alongside
the body. The patient is placed in the supine
position with the shoulders relaxed, the arm to
be operated on adducted, the hand on the
abdomen and the head turned slightly towards
the contralateral side. The anesthetist takes up
position to the rear of the patient’s shoulders
and, running a finger laterally below the lower
edge of the clavicle, identifies the first bony
prominence corresponding to the medial surface
of the coracoid process. This landmark is easily
detectable even in obese patients or in patients
with tonic musculature and identifies a sagittal
plane in which the needle movements will take
place. The needle is inserted tangentially to the
antero-inferior edge of the clavicle and directed
posteriorly at an angle of 0-30° to the coronal
plane. On analysing the images obtained with
magnetic resonance, the authors suggest direct-
ing the needle initially at an angle of 15° pos-
teriorly and not inserting it to a depth of more
than 6.5 cm (Fig. 9.10).

The depth of the plexus and vessels is sig-
nificantly reduced with age, while the cephalic
vein is located more anteriorly in obese patients.
However, though the nerve cords often protect
the axillary vessels from the needle, the physi-
ological variability advises against performing
the block in patients with frank coagulopathy.

The validity of the anatomical assumptions
on which the rationale for the lateral infracla-
vicular block is based has been confirmed also in
clinical practice. Ninety-one per cent success,
defined as complete anesthesia or analgesia of
the area from the elbow downwards, within
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Fig. 9.10 Right
infraclavicular region: The
coracoid process and the
clavicle are clearly
observable. The needle is
directed at an angle of
approximately 15°
posterior to the coronal
plane. The plexus is
estimated to lie at a depth
of 4-6.5 cm

20 min of executing the block and a vascular
puncture rate of 2 % is among the main advan-
tages observed. The use of the approach in
patients has confirmed the depth at which the
plexus is detected, but requires an insertion
angle greater than 10-12° indicated by the
radiological study (as much as 23° on average).
The cephalocaudal direction of the needle
reduces the risk of accidental haematoma
because, while the vascular structures present an
anterocaudal course in relation to the plexus, the
needle approaches the plexus from the posterior
part, as indicated by Koscielniak-Nielsen et al.
The results of a study by Gurkan et al. along the
same lines in a much larger population of
patients, in whom the most effective angle was
25° and the depth at which the plexus was
detected 51 mm, showed a success rate of
89.7 %, but also a 6.6 % accidental vascular
puncture rate. In both studies, better results were
obtained by injecting the local anesthetic at the
level of the posterior cord (contraction due to
radial nerve stimulus with extension of the wrist
and fingers). It should be stressed that the
advantages that the lateral infraclavicular block
affords can also be exploited in the paediatric
population in which it has proved effective and
safe both in case reports by Sedeck and Goujard
and in studies in larger populations conducted by
Gurkan et al.

9.8 Infraclavicular Block Using
Neurostimulation
9.8.1 Which Current Threshold?

The use of the electrical nerve stimulator to
identify cords of the brachial plexus makes the
execution of the infraclavicular block safer when
compared to eliciting paraesthesias, but what is
the appropriate current threshold for the injec-
tion of local anesthetic?

In an editorial by Joseph Neal published in
2001 in the second edition of Regional Anes-
thesia and Pain Medicine, the author wondered
how ‘near’ sufficiently near was and came to the
conclusion that a current of 0.5 mA constituted a
safe threshold for avoiding neuronal damage
while at the same time ensuring that the needle
was close enough to the plexus to enable the
block to be successful. Attempts to reduce it
failed to lead to better success rates. Even so, for
the infraclavicular block, this indication has
been called into question in an attempt to lower
the threshold to 0.3 mA with the idea of
increasing the success rate of the technique by
approaching closer to the cords, without, how-
ever, inducing neurological damage. In fact, in a
group of 188 patients submitted to coracoid
infraclavicular block, Wilson reported that the
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patient group in which the stimulation current
was reduced to 0.1-0.3 mA presented a higher
success rate than in patients stimulated with
current values ranging from 0.3 to 0.5 mA
(84.7 % vs. 67.1 %, p < 0.05), findings later
confirmed by Gu et al. In an observational study
conducted by Keschner et al. the authors stress
that the 0.3 mA threshold induced no neuro-
logical damage in 288 patients, with a success
rate of 94 %. In a telephone interview 24 h
postoperatively, a number of patients com-
plained of mild disturbances but all of these had
resolved by the time of the first postoperative
visit, carried out at most 7 days later. Thus, the
execution of an infraclavicular block with a low
current threshold (0.2-0.3 mA) is a safe and
efficacious method.

9.8.2 Which Type of Contraction?

The infraclavicular block, if it is to be success-
ful, needs to anesthetize all three of the cords
that make up the plexus at that level. It is
important to recognize which type of contraction
identifies the cord that innervates the relevant
area of the surgical operation, but this associa-
tion is not as simple a task as it might seem. Our
understanding of the anatomy of the bronchial
plexus is incomplete. In the infraclavicular
space, the brachial plexus is remodelled and the
various terminal branches depart from the three
cords at different, non-constant levels varying
from person to person. What is more, in the
course of this transition the nerve fibres rotate
around the axillary artery, taking up different
positions as they move distally.

To simplify the understanding of the associ-
ation between muscle contraction and stimula-
tion of a given cord, the analysis made in a
technical report by Borene et al. proves very
effective and elegant, concluding with the
observation that the direction of movement of
the fifth finger in a limb in the anatomical
position, and indicates which cord is being

stimulated. In detail, the lateral cord is the result
of the merging of the anterior divisions of the
upper and middle trunks. From this, the fol-
lowing nerves depart: the musculocutaneous
nerve (biceps muscle, coracobrachialis muscle,
flexor muscles of the arm and the medial portion
of the brachialis muscle), the lateral portion of
the median nerve (pronator teres muscle, flexor
carpi radialis muscle, flexor pollicis longus
muscle, flexor digitorum profundus muscle,
from the lateral half to the second finger, the first
two lumbricals and the abductor pollicis brevis
muscle) and the lateral pectoral nerve. Its stim-
ulation causes flexion of the elbow, pronation of
the forearm, contraction of the lumbricals and of
the muscles of the thenar eminence with con-
sequent movement of the fifth finger laterally.
The medial cord proceeds from the anterior
division of the lower trunk and forms the medial
pectoral nerve, the medial brachialis nerve, the
anterior brachial cutaneous nerve, the medial
part of the median nerve and the ulnar nerve
(flexor carpi ulnaris, palmar brevis, flexor digi-
torum profundus, from the medial part to the
fourth and fifth fingers, the palmar and dorsal
interosseous muscles, the third and fourth lum-
brical and the hypothenar eminence). The pri-
mary contraction of this cord is precisely that of
the ulnar nerve which, by stimulating all these
flexor muscles of the hand with an ulnar devia-
tion of the wrist, induces the fifth finger to move
medially. Lastly, the posterior cord stems from
the merging of the posterior divisions of all three
trunks, giving rise to the subscapular nerves
(teres major muscle and subscapularis muscle),
the thoracodorsal nerve (latissimus dorsi mus-
cle), the axillary nerve (deltoid and teres minor
muscles) and the radial nerve (triceps brachii
muscle, lateral portion of the brachialis muscle,
the group of extensor supinator muscles). Its
stimulation will induce contraction of the
extensor muscles of the forearm, hand and fin-
gers with stimulation also of the deltoid muscle.
The fifth finger will then appear to move pos-
teriorly in relation to its anatomical position.
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Borgeat, in his previously analysed descrip-
tion of the variant of the Raj technique, had
underlined that searching for a ‘distal’ con-
traction, defined as the movement of the wrist
or fingers, when compared to a ‘proximal’
contraction (contraction of the biceps, triceps,
flexor carpi muscles), yielded a distinctly better
success rate (97 vs. 44 %). An attempt was
therefore made to analyse any difference in the
choice of cord to be stimulated in order to
obtain an efficacious block with distal con-
traction. Comparison between proximal stimu-
lation of the musculocutaneous nerve and a
distal contraction due to stimulation of the
median nerve, revealed a reduced onset time
and greater efficacy in the latter group. Yet,
despite the fact that the majority of the patients
did not request any supplement for surgery,
either in the group with ‘distal’ contraction or
in that with ‘proximal’ contraction, the per-
centages of paralysis and complete anesthesia
of the upper limb after 20 min were low
(paralysis 40 vs. 24 %, anesthesia 19 vs. 8 %,
respectively). More promising results were
obtained with stimulation of the posterior cord,
even with minimal current thresholds (0.3 mA),
presenting an earlier onset and a reduced fail-
ure rate when compared to stimulation of the
medial or lateral cords according to Lec-
amwasam et al. Similarly, Bloc et al. reported
that eliciting a distal contraction due to stimu-
lation of the radial nerve achieved a greater
success rate of the block defined as complete
anesthesia of the limb, compared with distal
contractions due to stimulation of the median
or ulnar nerves (90 vs. 74 and 68 %, respec-
tively). A radial-type contraction was confirmed
as being the most effective also in those cases
in which a double stimulation technique was
opted for. In fact, using the first to block the
musculocutaneous nerve, the choice of the
second proved to have an effect on the efficacy
of the block and, in particular, a second, radial-
type contraction was associated with a 96 %
success rate when compared to 89 % with
median nerve stimulation and 90 % with ulnar
nerve stimulation, as reported by Minville et al.

9.8.3 How Many Stimulations?

Being able to perform a block with a single
injection would certainly be simpler and faster to
execute, would cause less tissue trauma and risk
of vascular puncture and would prove less painful
for the patient. Furthermore, when performing a
continuous block, the standard technique typi-
cally envisages a single injection. Despite the
good success rates of blocks performed with a
single injection, in an attempt to improve the
efficacy even more, the effects of a larger number
of stimulations were evaluated. In particular,
Rodriguez et al. studied the differences between
single, double and triple stimulation using the
same total dose of local anesthetic. The injection
of 40 ml of 1.5 % mepivacaine in a single
administration proved less efficacious in terms of
both sensory and motor blockade compared to
two injections of 20 ml each. In addition, Rodri-
guez et al. comparing a single injection of 42 ml
with two injections of 21 ml or three injections of
14 ml each, found that the groups receiving
double or triple stimulation achieved better
results, though presenting statistically significant
differences between them. In both these studies,
however, no particular type of contraction was
sought nor did the authors specify which con-
tractions were effectively found. The same
objection can be levied against another study,
conducted by Gaertner et al. comparing a single
aspecific injection of 30 ml of a mixture of 0.5 %
bupivacaine and 2 % lidocaine with triple stim-
ulation, revealing a substantial increase in the
success rate from 40 to 72.5 % with the triple
stimulation (p < 0.0001).

Whereas, in the case of single stimulation, it
is particularly the posterior cord that is sought
and therefore the contractions typical of the
radial nerve; comparing this with a double
stimulation of the other main nerves excluding
the radial nerve, interesting results are reported.
In the single radial stimulation group, Rodrigiez
et al. observed that significantly higher rates of
complete anesthesia of the upper limb below the
elbow were obtained compared with the double
injection.
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Infraclavicular Block
and Ultrasound

2.9

The advent of ultrasound in the context of
regional anesthesia has enormously stimulated
the search for its possible applications in
peripheral nerve blocks. The infraclavicular
block was one of the first to be revisited in the
light of the promising innovation of direct
visualization of the anatomical structures, which
previously could only be located by guesswork
on the basis of surface landmarks and by elec-
trical nerve stimulation. Moreover, we know that
these landmarks may sometimes be hard to
identify in certain types of patients, for example,
in obese subjects, just as there may be anatom-
ical variations that increase the difficulty of
identifying nerves, thus increasing the risk of
puncturing blood vessels. As regards the infra-
clavicular block in particular, we have seen that
eliciting a peripheral contraction is necessary for
the success of the block and the search for this
contraction may mean that the block takes
longer to perform.

If the visualization of anatomical structures
helps to avoid complications such as vascular
puncture and pneumothorax, can we safely use a
more proximal approach in such a way as to
anesthetize the three cords before they distance
their course from that of the subclavian artery?

Fig. 9.11 Ultrasound-
guided infraclavicular
block

process

Spine
of Scapula

Needle

Coracoid

Ootaki et al. were among the first to apply
ultrasonography in conjunction with infracla-
vicular blocks using a 7 MHz linear probe to
visualize the vascular structures below the mid-
point of the clavicle. Taking as their landmark
the image of the subclavian artery, they sur-
rounded the latter with local anesthetic by
injecting 30 ml of 1.5 % lidocaine to the right
and left of the artery, assuming that the cords, at
that level, would be very close to the vessel.
Ninety-five per cent of the patients underwent
the operation without additional supplementa-
tion 30 min after execution of the block, and no
complications occurred in any of them.

Instead of the ‘perivascular’ injection, a fur-
ther proposal was to perform a ‘perineural’
injection, possibly at a more distal level where
the three cords could be better identified and
distinguished from the subclavian artery. A
3.5 MHz transthoracic ultrasonographic probe
was used at the coracoid level to visualize the
vessels and the three cords of the brachial plexus
below the pectoralis minor muscle (Fig. 9.11).

Again under ultrasound guidance, an 18-
gauge Tuohy needle was then inserted and
directed in such a way as to inject approximately
10 ml of 2 % lidocaine around each of the three
cords of the plexus. Sandhu and Capan reported
that the onset time with this method was con-
siderably reduced, complete anesthesia being
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obtained after 6.7 = 3.2 min in approximately
91 % of patients.

In the study by Ootaki et al. the arm to be
operated on was positioned resting comfortably
alongside the patient’s body, whereas in the
study by Sandhu and Capan, the arm was
abducted 90°. When using ultrasonography, the
problem of the position of the arm to be operated
on is of practically no account, since the ana-
tomical structures are in any case identified, and
the anesthetist seeks to maintain his view of the
needle as it advances in real time. For the sake of
completeness, we should add that a study has
effectively been conducted by Wang et al. to
assess the influence of four different arm posi-
tions on the topographical anatomy of the
infraclavicular region ultrasonographically,
showing that 90° abduction with external rota-
tion of the shoulder causes the brachial plexus to
approach much closer to the skin (1.67 cm) and
further away from the pleura (1.15 cm).

9.9.1 How Many Injections

and on Which Cords?

Even with ultrasonography, we can still aim at
performing a single administration of local
anesthetic or at directing the needle in such a
way as to inject the drug in two or three different
positions. As in the case of electrical nerve
stimulation, any movement of the needle,
despite being under ultrasound guidance, may
increase the possibility of damaging the sur-
rounding tissues and reducing patient comfort.
In a randomized controlled study of 88
patients, Tran et al. studied the results of double
versus single injection without observing any
differences in terms of onset times, block exe-
cution times, success rates or incidence of
adverse events. Even a triple injection failed to
prove in any way superior to a single injection,
particularly when performed directly on the
posterior cord of the plexus, according to Des-
gagnes et al. On the contrary, in a study by
Fredrickson et al. the injection of 30 ml of 2 %
lidocaine posteriorly to the subclavian artery
compared to three injections of 10 ml each

aimed separately at the three cords of the plexus
was associated not only with a faster execution
time but also with a greater efficacy rate at
20 min on all the nerves involved.

Even with the use of electrical nerve stimu-
lation alone, it has been demonstrated that con-
traction of the distal muscles innervated by the
radial nerve is predictive of higher success rates
compared to contractions due to stimulation of
the median or ulnar nerve. Ultrasonography has
revealed that the injection of local anesthetic,
when the contractions due to radial nerve stim-
ulation are induced with a current intensity of
approximately 0.3 mA, corresponds to a spread
of the anesthetic posteriorly to the artery (or on
the posterior cord of the plexus) with a shift of
the artery upwards and medially (Bloc et al.).
This produces a block with a higher success rate
compared to a contraction induced by the med-
ian nerve which, however, gives rise to a more
superficial spread of local anesthetic. A study
conducted in 218 patients was specifically
designed to evaluate ultrasonographically and
with the aid of the electrical nerve stimulator the
difference in success rates of blocks aimed
selectively at one cord of the brachial plexus in
particular. Injection in the central area on the
posterior cord produced an effective block in
96 % of cases compared to the 85 % of more
peripheral locations: In particular, the success
rates for the single cords were 99 % for the
posterior cord, 92 % for the lateral cord and only
84 % for the medial cord, as reported by Bowens
et al.

With these premises, Tran et al. proposed the
so-called double bubble technique for the
infraclavicular block. Under ultrasound guid-
ance with a sterile coated 5-10-MHz linear
probe, the infracoracoid region is visualized
according to a coronal section with the patient in
the supine position and with the arm comfort-
ably resting alongside the body. A 100 mm
needle is introduced in a downward direction
according to the long axis of the probe (‘in-
plane’ technique) and is directed below the
subclavian/axillary artery. The injection of local
anesthetic will produce a roundish hypoechoic

image exactly below the circular, non-
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Fig. 9.12 Ultrasound
‘double bubble’ sign after
injection of local anesthetic
(LA) posteriorly to the
axillary artery (A). Note
the roundish, non-
compressible axillary
artery image unlike the
axillary vein (V)

compressible cross section of the artery which
will then be enveloped by the spread of the
anesthetic (Fig. 9.12). This ‘double bubble’
ultrasound sign has proved to be indicative of
the success of the infraclavicular block.

When directing the needle towards the pos-
terior cord, one often encounters a resistance
corresponding anatomically to a fascia investing
the axillary artery which must be overcome in
order to obtain an adequate spread of local
anesthetic with an effective block, as indicated
by Morimoto et al. This fascia might also
explain the cases of failure of the block with
neurostimulation alone despite a good elicited
contraction. In addition, Dolan points out that it
may be present not only in the posteromedial
quadrant but also in the superior quadrant.

9.9.2 Other Proposed Techniques

We can summarize the main ultrasound-guided
techniques suggested for performing infracla-
vicular blocks as belonging to three categories:
lateral, medial and posterior.

< Blopsy A& DOual

The lateral approach is performed with the
patient in the supine position with the arm
adducted close to the side and using the coracoid
process as a surface landmark. The probe is
positioned below this, and the vascular and nerve
structures are identified. The needle is introduced
2—4 cm above the probe at an angle of 45° to the
skin in a caudal direction. With the medial
approach, on the other hand, the patient’s arm is
abducted by up to 110°, the shoulder is rotated
externally, and the elbow flexed 90°. The probe is
placed at the apex of the deltopectoral groove and,
in this case too, the needle entry point is 2—4 cm
above the probe at an angle of 45° to the skin and
in a caudal direction. Both approaches afford
excellent anesthesia, but with the medial
approach, the plexus is closer to the surface and
easier to visualize, which makes for shorter block
execution times. The lateral approach, however,
certainly presents the advantage of reducing the
risk of pneumothorax, but increases that of vas-
cular puncture. Nevertheless, according to Bi-
geleisen and Wilson, it remains the approach to be
preferred in those cases in which the patient is
unable to abduct the arm.
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Fig. 9.13 Coronal section
showing the position of the
probe and the needle
inserted as far as the cords
of the brachial plexus

Pectoralis major muscle

Pectoralis minor muscle

In both the preceding approaches, the needle
is introduced at an angle of about 45°, which
gives rise to a loss of definition in visualizing the
body and tip of the needle as it gradually pen-
etrates more deeply. To avoid this problem, a
posterior approach has been proposed. The
probe is positioned longitudinally below the
edge of the clavicle and medially to the coracoid
process. The needle insertion point is over the
trapezius muscle, posteriorly enough to permit
the passage between the clavicle and the scap-
ula, maintaining a close alignment with the long
axis of the probe (Fig. 9.13).

Ultrasound Versus
Neurostimulation

92.10

Various authors have wondered whether or not
the advent of ultrasonography in the execution
of peripheral blocks can replace the consolidated
use of electrical nerve stimulation. Undoubtedly,
the choice of one or the other of these techniques
cannot be made without considering the eco-
nomic aspects. Not all care centres can afford to
purchase an ultrasound appliance despite the fact
that the cost of such equipment has decreased
considerably in recent years. An attempt has
been made by Sandhu et al. to quantitate the cost
of the two techniques, showing that the use of
ultrasonography, in at least 5,000 blocks, may in

Clavicle

Trapezius muscle

Supraspinatus muscle

Scapula

Subscapularis muscle
Rib

Rib

Pleura

the final analysis prove advantageous, in that it
reduces the costs of operating room times (cal-
culated in terms of rates per minute).

In a study by Tabaoda et al. in which the use
of ultrasonography with injection below the
posterior cord was compared with the neurosti-
mulation technique with a coracoid approach
(2 cm caudad and 2 cm medially), it was found
that there was a saving of block execution times
of a few minutes (3 & 1 min compared to
6 + 2 min; p < 0.0001). Comparison with the
lateral approach also demonstrated that ultra-
sound is not only a valid alternative to nerve
stimulation with excellent clinical results, as
claimed by Sauter et al. but is also associated, in
a report by Gurkan et al. with a better quality of
the block itself. In a study by Brull et al. the use
of double stimulation furnished no advantages in
terms of success rates when compared with
ultrasound and, indeed, caused an increase in
evoked paraesthesias (45 vs. 6 %, respectively;
p < 0.001) with lengthier technical execution
times (median 10-5 vs. 5 min; p < 0.001).

We will attempt now to view the question
from a different perspective and, instead of try-
ing necessarily to eliminate one or the other of
these two techniques, ask ourselves whether or
not the combined use of neurostimulation and
ultrasound may yield advantages in terms of
enhancing the efficacy of the block and reducing
side effects. Various studies, such as those
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conducted by Dingemans et al., Gurkan et al.,
and Tekin et al. have addressed this issue with
very similar results. In fact, they have proved
incapable of finding statistically significant dif-
ferences between the study groups, and the
success rates obtained are comparable. The main
limitation of these studies is that, in the ultra-
sound group, the target has always been the
posterior cord, whereas, in the neurostimulation
group, none of the authors have sought any
particular specific contractions, but have made
do with a generic distal contraction, thus prob-
ably underestimating the possible success. The
last word on the ultrasound—neurostimulation
combination therefore has still to be pro-
nounced, but common sense may guide the cli-
nician with regard to the most appropriate use of
the technologies available.

9.11 Comparison of Approaches
9.11.1 Infraclavicular Versus General
Anesthesia

Before analysing the studies comparing the
infraclavicular block with the other approaches
to the brachial plexus, let us consider for a
moment a study conducted by Hadzic et al. in
patients undergoing day-case surgery below the
elbow, randomized to receiving regional anes-
thesia with an infraclavicular block or general
anesthesia with a laryngeal mask. The use of a
short-acting local anesthetic such as chloropro-
caine followed by sedation with propofol proved
to be distinctly more advantageous than general
anesthesia with desflurane and infiltration of the
surgical wound with 0.25 % bupivacaine. In
fact, as many as 79 % of patients receiving
regional anesthesia were able to avoid having to
pass via the recovery room compared to only
25 % in the general anesthesia group
(p < 0.001). Of those who had to spend time in
the recovery room, the patients undergoing
infraclavicular blocks presented less postopera-
tive pain and none required additional painkil-
lers, whereas 48 % of the general anesthesia

group needed additional analgesic agents.
Lastly, the latter group also required lengthier
periods for recovering the ability to walk and,
consequently, longer discharge times compared
to patients undergoing peripheral blocks
(145 £ 79 vs. 82 £ 41 min and 218 4+ 93 min
and 121 £ 37 min, respectively; both parame-
ters with p < 0.001).

9.11.2 Infraclavicular Versus
Interscalene Block

There are no studies comparing these two
approaches to the brachial plexus. Their clinical
indications are, in fact, also different in that the
infraclavicular block is preferably performed for
distal operations on the upper limb (below the
elbow), whereas the interscalene block is per-
formed for more proximal operations such as
those involving the shoulder and upper arm.

9.11.3 Infraclavicular Versus
Supraclavicular Block

Theoretically, the supraclavicular block presents
the anatomical advantage of being performed in
an area where the brachial plexus is more
superficial and its branches are more closely
grouped together, thus permitting rapid, com-
plete anesthesia of the upper limb with a single
injection of local anesthetic. In clinical practice,
however, randomized controlled studies have
failed to confirm any significant advantages
compared to the infraclavicular block.

With the use of electrical nerve stimulation
alone, comparison between the two approaches
in a study conducted by Yang et al. in 100
patients showed no substantial differences in
execution and onset times, or in the quality of
the block and patient satisfaction, but revealed a
reduction in side effects such as Claude Bernard-
Horner syndrome in the infraclavicular group.
According to Rodriguez et al. the spread of local
anesthetic in the infraclavicular block remains
confined below the clavicle, thus reducing also
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the incidence of hoarseness and paralysis of the
phrenic nerve. Arcaud et al. additionally used
nerve stimulation to confirm the position of the
needle inserted under ultrasound guidance in a
randomized controlled study in 80 patients, but
they, too, found similar success rates and exe-
cution times.

Although the lesser depth of the brachial
plexus at the supraclavicular level should make
for optimal ultrasound visibility, this does not
necessarily mean better clinical results. In fact,
the visualization of the needle and the spread of
local anesthetic after a single administration in
patients randomized to receiving a supraclavic-
ular, infraclavicular or axillary block showed the
same success rates, incidence of pain during the
procedure, and incidence of vascular puncture in
all three study groups (Tran et al.). In favour of
the infraclavicular approach, on the other hand,
are the results obtained by Fredrickson et al.
who randomly assigned 60 patients to receiving
a supraclavicular block with a single adminis-
tration of local anesthetic in the ‘corner pocket’
according to the technique described by Soares
et al. or an infraclavicular block with injections
on each of the three cords of the brachial plexus.
Although a similar sensory block was obtained
at 30 min in both groups, better surgical anes-
thesia was achieved with the infraclavicular
approach with more complete cover of the ulnar
territory. No better results were obtained by
Koscielniak-Nielsen et al. with the supraclavic-
ular block even when attempting to administer
two injections for each approach so as to visu-
alize a spread of local anesthetic completely
enveloping the cords of the plexus in both
groups. In this study, too, the authors observed
both a more rapid onset and a more efficient
block were produced via the infraclavicular
route owing to the superior analgesia in the ulnar
and median nerve territories, the greater efficacy
of the motor block and the lower incidence of
side effects.

9.11.4 Infraclavicular Versus
Axillary Block

Since the block via the axillary route is one of
the most widely used approaches to the brachial
plexus, there are numerous studies comparing it
to the infraclavicular block and, although vari-
ous different techniques and landmarks have
been used for the latter, the results always tend
to be in favour of the infraclavicular approach
despite the different definitions used to define
the success of the block. In three randomized
controlled studies by Kapral et al., Fleischmann
et al., and Rettig et al. comparing the two
approaches with single nerve stimulation and a
single administration of local anesthetic, the
infraclavicular approach presented onset times
similar to those of the axillary approach, but a
better success rate (97-100 % vs. 80-85 %)
probably due to better analgesia of the radial,
axillary and musculocutaneous nerves. The
success rates prove comparable if we are talking
about an axillary block with three or four stim-
ulations. The increased number of needle passes,
however, compared with the infraclavicular
single-administration — approach, entails a
lengthier execution time, greater patient dis-
comfort and a higher incidence of adverse events
(paraesthesias and vascular punctures) according
to Deleuze et al., and Koscielniak-Nielsen et al.

The use of ultrasound has further improved
the performance of the infraclavicular block.
One randomized controlled study by Tran et al.
in fact, has shown that the infraclavicular block
is associated with more rapid execution times
and less pain related to the procedure when
compared with an axillary block with triple
injections. In line with these results are those
obtained by Tedore et al. in 232 patients ran-
domized to receiving a US-guided infraclavicu-
lar block or an axillary block with the
transarterial technique. The greater pain and
paraesthesias associated with the latter technique
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have prompted patients to opt for the infracla-
vicular approach for further future anesthesia.
If we compare both approaches used in
conjunction with ultrasound guidance, the results
prove more homogeneous with similar success
rates, as reported by Tran et al. and with nonsig-
nificant pain values perceived by the patient in the
course of the procedure, according to Fredrickson
et al. so much so as to suggest that the choice can
be made only on the basis of the anesthetist’s
experience and the patient’s preferences.

9.11.5 Infraclavicular Versus
Midhumeral Block

In the literature, we find only two randomized
controlled studies, both conducted by Minville
et al. comparing the midhumeral block with the
infraclavicular block with double stimulation.
Both approaches had similar success rates
(90-95 %). It should be noted that the infracla-
vicular approach was associated with a shorter
technical execution time but with a slower onset
time of the block, thus equalling the midhumeral
block in terms of total anesthesia time. The
midhumeral approach, however, presented more
intense pain in the course of skin puncture and
electrical nerve stimulation (VAS 35 + 27 mm
vs. 19 £ 18 mm; p < 0.011).

9.12 Local Anesthetics
and Infraclavicular Block

9.12.1 Which and at What
Concentrations?

All local anesthetics can obviously be used in
the execution of an infraclavicular block. The
choice may be dictated by patient-related fac-
tors, the type of surgery planned and the patient
admission regimen (hospital, day surgery, out-
patient surgery).

In a study by Tran et al., lidocaine, even
when used alone, has proved efficacious at the
concentration of 1.5 % in single administration

in the US-guided block. The idea of exploiting
the rapid onset of lidocaine anesthesia and the
longer-lasting duration of the more recently
employed local anesthetics underlies the choice
of the constituent elements of the so-called
mixtures. In an observational study in 360
patients, the most suitable combination of lido-
caine plus bupivacaine was evaluated, similar
efficacy being found for the 2 % lidocaine plus
0.5 % bupivacaine and the 1.5 % lidocaine plus
0.375 % bupivacaine combinations, both of
which with epinephrine 1:200,000. By contrast,
the anesthesia induced by 1 % lidocaine plus
0.25 % bupivacaine proved inadequate in a
study by Salazar and Espinosa. Valid results
were also obtained by Jiang et al. with 2 %
lidocaine plus 0.75 % ropivacaine in the cora-
coid approach in 160 patients. The use of mix-
tures, however, remains a matter of controversy,
in that the calculation of the toxic dose of local
anesthetic that can be used in any given patient
is less predictable. There can be no doubt that
drugs such as ropivacaine and levobupivacaine
can be used successfully alone, respecting the
different onset times. An Italian study conducted
by Piangatelli et al. compared the effects of
30 ml of 0.75 % ropivacaine with those of
0.5 % levobupivacaine, revealing a greater onset
time for the motor block in the group treated
with ropivacaine, but a significantly longer
sensory block in the levobupivacaine group
without any increase in side effects.

9.12.2 What Volume?

Traditionally, studies with -electrostimulation
and a single injection have used volumes of
30 ml and sometimes pushing the volume as far
as 40 ml. The advent of ultrasonography has
prompted anesthetists to use increasingly low
volumes, relying on the visualization of the
spread of local anesthetic as a reliable indicator
of success of the block. Reducing the amount of
local anesthetic is not merely a matter of per-
sonal preference but may have practical reper-
cussions in terms of reducing the costs of a
single block and fewer side effects due to



176

M. Bosco and A. Clemente

systemic absorption. For the US-guided infra-
clavicular block with a single injection, Tran
et al. showed the minimum effective volume for
90 % of patients (MEV 90) to be 35 ml (95 %
CI, 30-37.5 ml). Alternatively, the use of
ultrasonography enables the local anesthetic to
be injected in a targeted manner around each of
the cords constituting the brachial plexus at this
level. On the basis only of the observation of an
adequate spread of local anesthetic around the
cords, without referring to predetermined vol-
umes, some authors found, in 14 patients, that
the total volume for an adequate anesthesia was
16.1 £ 1.9 ml, whereas in 4 patients, the addi-
tional drug requirement meant that a total vol-
ume of 19.5 £ 7.1 ml was needed. Similar
results were found in a larger sample of 160
patients in whom Jiang et al. studied the effects
of predetermined volumes (5, 6, 7 or 8 ml) of
local anesthetic (2 % lidocaine plus 0.75 %
ropivacaine) for each of the cords of the brachial
plexus. The group receiving 6 ml volumes and
therefore a total of 18 ml induced a good anal-
gesic effect without any side effects and without
adversely affecting onset times.

9.13 Complications
9.13.1 Pneumothorax

The occurrence of pneumothorax is the adverse
event that more than any other has limited the
popularity of the infraclavicular block per-
formed with electrical nerve stimulation alone.
In a study by Neuburger, an incidence ranging
from 0.2 to 0.7 % was determined despite cor-
rect technique and precise identification of the
landmarks. A number of expedients suggested
by Sanchez et al. regarding the maximum needle
insertion depth or the inclination of the needle in
relation to the plane of the skin may prove
helpful, as may the use of techniques that iden-
tify more distal landmarks, but the most effica-
cious improvement is unquestionably the use of
ultrasound guidance. The identification of the
pleural dome and, above all, the visualization of

the needle path with the ‘in-plane’ insertion
technique are indispensable prerequisites in
order to operate safely. The use of ultrasound, in
fact, in itself unfortunately does not guarantee
complete avoidance of this much feared com-
plication, as pointed out by Koscielniak-Nielsen
et al.

9.13.2 Claude Bernard-Horner
Syndrome

When performing the infraclavicular block, a
Claude Bernard-Horner syndrome may occur
due to paralysis of the sympathetic ganglia of the
cervical chain caused by high concentrations and
volumes of local anesthetic penetrating beyond
the natural barrier of the clavicle and reaching
the cervical vertebrae. In studies conducted in
large numbers of patients, this complication may
not even be mentioned or may be present with
an incidence of as much as 7 % for more prox-
imal approaches. According to Salengros et al.,
we may reasonably estimate the incidence as
approximately 5 % in blocks with a single
injection of 40 ml of local anesthetic. One case
of Claude Bernard-Horner syndrome was even
reported by Hosten et al. for a block performed
via a lateral approach. This rare side effect does
not necessarily give rise in itself to major clin-
ical consequences, but induces anxiety and dis-
comfort, thus causing reduced patient
acceptance of the anesthesia technique. We
should bear in mind the fact that the cranial
spread of local anesthetic, in addition to a
Claude Bernard-Horner syndrome, may lead to
alterations of respiratory function, the first of
which is a warning sign that suggests the need
for more thorough monitoring of the patient’s
condition.

9.13.3 Ventilatory Dysfunction

The spread of local anesthetic towards the cer-
vical roots may lead to a reduced functionality
of the diaphragm as is always observed in in-
terscalene blocks and in the majority of
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supraclavicular blocks. Rodriguez et al. found
no evidence of changes in forced expiratory
volume compared to basal levels in patients after
infraclavicular block with a single administra-
tion of 40 ml of 1.5 % mepivacaine. The same
conclusions were reached by Dukkenkopf et al.
in a study conducted in 20 patients with a
modified Raj technique with 40-50 ml of 0.5 %
ropivacaine. Rettig et al., however, conducted an
ultrasonographic study of the diaphragmatic
excursions after a block with 0.75 % ropivacaine
for a volume of 5 ml/kg, revealing changes in
hemidiaphragmatic movement (reduced or par-
adoxical) in 26 % of patients with a reduction in
total forced expiratory volume and in forced
expiratory volume in 1 s (FEV,), despite the fact
that no clinically significant signs of ventilatory
dysfunction were noticed. All in all, we cannot
entirely rule out effects on ventilatory dynamics
as a result of the execution of an infraclavicular
block. Certainly, as suggested by Blumenthal
et al., the incidence of such complications can be
greatly reduced by preferring techniques with
continuous infusion when compared to the
injection of a single bolus of local anesthetic.

9.13.4 Other Complications

The introduction of a needle in the proximity of
nerve structures may accidentally damage these
structures, causing neurological lesions due to
mechanical trauma or to intraneural injection of
local anesthetic. Although the use of ultrasound
guidance could reduce the incidence of such
complications, there are no randomized con-
trolled trials with a number of recruited patients
sufficient to detect statistically significant dif-
ferences in the incidence of complications rela-
ted to the various block techniques. One study
by Fredrickson and Kilfoyle in more than 1,000
peripheral blocks for orthopaedic surgery
revealed an 8.2 % rate of new neurological
symptoms (6.3-10.4 %) by postoperative day
10, 3.7 % (2.7-5.0) after one month and a 0.6 %
rate (0.27-1.3 %) 6 months postoperatively.
These percentages are not very different from
those observed with more traditional techniques,

but this may also mean that the origin of the
damage is not so much due to the anesthesia
technique as to the type of surgery performed. It
has been seen, however, that eliciting paraes-
thesias during the execution of the block is a risk
factor independent of the development of neu-
rological damage. Brachial plexopathy at the
infraclavicular level has been noted both post-
block and after axillary arteriography. In an
investigation by Tsao and Wilbourn, histological
analysis of 13 patients with this complication
showed an axonal loss particularly affecting the
median nerve, along with severe electrophysio-
logical damage. In these cases, the term used is
‘medial brachial fascial compartment (MBFC)
syndrome’, characterized by a neurological
deficit and by pain resulting from a haematoma
within a compartment of the upper arm.

The development of a haematoma of the
axillary artery is a rare complication but is one
that may prove dangerous in patients with
mycotic aneurisms at the level of the upper
limbs. According to Gleeton et al.,, an echo-
Doppler study prior to execution of the block
may help to identify this and possibly also other
anatomical abnormalities present.

Rodriguez et al. have reported a case of dis-
location of the shoulder after an infraclavicular
coracoid block. This event may be the result of a
number of concomitant causes, ranging from an
undiagnosed glenohumeral instability to paraly-
sis of the shoulder muscles and positioning of
the arm under the torso. The authors suggest that
particular attention should be paid to the position
of the arm when annulling the motor function of
the shoulder muscles with a peripheral block.

9.14 Continuous Infraclavicular
Block

A perineural catheter positioned via the infra-
clavicular route theoretically presents a number
of advantages: The more compact anatomy of
the brachial plexus at this level facilitates the
success of the block with a single injection; the
technique does not require any particular posi-
tions of the arm which may remain adducted
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close to the torso; there is less possibility of
catheter dislodgment as a result of the patient’s
daily movements; it facilitates the monitoring of
the medication with a reduction in the risk of
infection. Unfortunately, perineural continuous
blocks with traditional non-stimulating catheters
have yielded success rates as low as only 40 %,
as reported by Salinas. Two technical innova-
tions introduced recently are greatly improving
the success rates of the technique, namely the
use of stimulating catheters and the assistance
provided by real-time ultrasound guidance of the
catheter movements.

An interesting semiquantitative systematic
review has been published by Morin et al. in an
attempt to summarize the data furnished by
randomized controlled studies comparing the
use of traditional non-stimulating catheters with
that of stimulating catheters. Although the
analysis included different types of block and
drugs used, the stimulating catheters were found
to afford superior analgesia and, in particular, a
reduction, ranging from 8 to 56 %, in the need
for painkillers on demand in the postoperative
period.

Mariano et al. have shown that the possibility
of visually following the insertion of the catheter
has also yielded decisive advantages compared
to the classic technique using non-stimulating
catheter. It not only permits shorter execution
times but also leads to an increase in success
rates, reducing side effects such as accidental
vascular puncture. The same conclusions were
reached in a study by Dhir and Ganapathy in 66
patients in whom the concomitant use of ultra-
sonography and electrical nerve stimulation
proved superior both to the traditional insertion
of a non-stimulating catheter and to the insertion
of a stimulating catheter without ultrasound and
neurostimulation assistance. In fact, it revealed a
higher success rate of the block with a lower
probability of dislodgment without any differ-
ences in block execution times. Slater et al.,
using ultrasound guidance, wondered whether
the anesthesia administered directly through the
needle, before inserting the catheter, was supe-
rior to that obtained by administering the local
anesthetic after placing the catheter. The latter

procedure involved 4 min longer technical exe-
cution times without any adverse effect on
patient comfort. Despite the fact that the
through-the-needle anesthesia technique enabled
the tip to be directed in such a way as to facil-
itate a satisfactory spread of local anesthetic,
surprisingly the percentage of complete blocks
in this group was lower. One possible explana-
tion is that, in the through-the-catheter tech-
nique, the catheter, with its multiple orifices,
succeeds in inducing a more complete distribu-
tion of the anesthetic around the cords of the
brachial plexus.

A further aid to the correct positioning of the
tip of the catheter may be provided by the use of
an ultrasonographic contrast medium which,
when injected in small amounts, creates new
ultrasound signals thus permitting a more pre-
cise identification of the disposition of the
structures examined. The most suitable medium
for this purpose is a 5 % glucose solution, which
presents electroneutrality characteristics, thus
preserving the use of electrical nerve stimulation
also after its injection. Dhir et al. achieved
100 % success rates by simultaneously com-
bining the use of ultrasound with contrast med-
ium enhancement (5 % glucose solution) and a
stimulating catheter.

9.14.1 Continuous Infusion at Home

According to Klein, continuous perineural infu-
sion is associated with a more complete post-
operative analgesia with a reduced consumption
of opioids, a reduction in side effects, better
rehabilitation and a greater sense of well-being
on the part of the patient. These considerations,
together with the increase in indications for
outpatient surgery, have led anesthesiologists to
assess the hypothesis of administering continu-
ous infusion outside the hospital setting. The
most controversial issues involved have to do
with discharging a patient with an anesthetized
limb prone to involuntary damage, the degree of
trust to be accorded the patient with regard to the
pharmacological management of his or her
postoperative pain, and the possible risk of local
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anesthetic toxicity. Ilfeld et al. have studied the
effects of different dosage regimens in continu-
ous infusion at home, using programmable
pumps, equipped with a mechanism for the
infusion of boluses at the patient’s request. They
found that, when compared to the continuous
infusion of saline, a significant reduction in
postoperative pain was achieved (VAS after one
day: 25+ 1.6 vs. 6.1 £23) as well as a
reduction in narcotic use and related side effects,
and as much as a tenfold reduction in sleep
disturbance scores and therefore greater patient
satisfaction.

9.14.2 Pharmacological Notes:
Volumes, Concentrations, Doses

The correct calculation of the volume of local
anesthetic to be used, that is, of an efficacious but
safe dosage, and therefore of the final concentra-
tion is indispensable, particularly for continuous
blocks in which both the monitoring of the patient
and the volume of the reservoir of the portable
infusion pumps are limited. For the purposes of
identifying an adequate volume to be adminis-
tered, Ilfeld et al., in 30 recruited patients, com-
pared three different 0.2 % ropivacaine infusion
regimens: a ‘basal’ group at an infusion rate of
12 ml/h with a patient-controlled bolus of
0.05 ml; a ‘basal + bolus’ group at arate of § ml/
h with abolus of 4 ml; and a ‘bolus’ group at arate
of 0.03 ml/h with a bolus of 9.9 ml. The ‘basal’
group required more oral analgesics and had a
shorter median infusion duration compared to the
other two. The ‘bolus’ group had the longest
median infusion duration but also presented a
significant increase in intense breakthrough pain
episodes. The ‘basal + bolus’ group was associ-
ated with the greatest overall degree of patient
satisfaction, thus proving the recommended reg-
imen for orthopaedic surgery from the elbow
downwards. The same authors also attempted to
reduce the volume to be delivered even further,
testing a more concentrated solution of local
anesthetic and leaving the total dosage unaltered,
that is to say maintaining a total dosage of 16 mg/
h, they compared an infusion of 0.2 %

ropivacaine at 8 ml/h and a bolus of 4 ml with an
infusion of 0.4 % ropivacaine at 4 ml/h and a
bolus of 2 ml. The results showed that the patients
treated with the first regimen presented good
analgesia with a high percentage of completely
numb sensation of the limb, and therefore less risk
of accidental damage, that is, approximately three
times less than in patients treated with a more
concentrated anesthetic. The possible explanation
for this is that at the infraclavicular level, the
plexus is distributed in three cords separated by
the axillary artery. The greater concentration of
the anesthetic and its lower volume renders only
part of the plexus insensitive, giving rise to an
unpleasant and clinically dangerous sensation.
The greater volume, albeit at a lesser concentra-
tion, on the other hand, reaches all the cords, but it
is less likely that its dilution will give rise to total
numbness. The same authors also attempted to
improve the postoperative analgesia of this tech-
nique by adding clonidine 1 mcg/ml to the local
anesthetic solution by continuous infusion.
Although this drug showed an increase in the
duration of the analgesia in blocks with a single
administration, it failed to yield the same degree
of efficacy in continuous blocks, showing no
clinically significant difference compared to the
use of the local anesthetic alone.

9.14.3 Catheter-Related Complications

In addition to the risks related to the infracla-
vicular block technique itself, which we have
already discussed, those relating to the use of a
perineural catheter include infections, neuro-
logical damage, catheter migration and local
anesthesia toxicity. Various studies have evalu-
ated the presence of infectious complications in
continuous blocks in general, the consensus of
opinion being that these are rare events the
incidence of which increases with the duration
of the infusion, as claimed by Neuburger et al.

In the literature, we also find a description by
Tran et al. of a clinical case in which a stimu-
lating catheter inserted via the infraclavicular
route needed to be removed surgically. In fact,
the authors, encountering difficulty in
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withdrawing it, cut the proximal part and when
withdrawing the distal part, the catheter came
away, whereas the metal stimulating guide was
retained. To avoid such an occurrence, it is
advisable not to tamper with perineural catheters
by cutting them.
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10.1 Historical Note

From the Heidelberg Surgical Clinic
(Director: Prof. Dr. Wilms)

Anesthesia of the brachial plexus in
upper limb surgery (Private Lecturer:
Dr. Georg Hirschel)

Inrecent years local anesthesia has made
very rapid progress, increasingly gaining
ground in many areas and involving almost
the whole of the body, whereas its appli-
cation in major operations on the extremi-
ties has tended to lag behind. It is now
customary to operate under local anesthesia
on the fingers and toes, as well as on the
hands and feet. The anesthetization of nerve
trunks covering extensive territories at the
level of the arms and legs is also practiced.
Nevertheless, conduction anesthesia of all
the extremities is still associated with
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substantial complications and is therefore
rarely used. As regards surgery of the lower
limbs in patients for whom narcotic treat-
ment may be life-threatening, one may at a
push resort to the use of spinal anesthesia.
On the arms this is impossible.

There has been no lack of partly suc-
cessful attempts, for example, in amputa-
tions of the arm under local anesthesia.
Reclus injected his low-dose cocaine solu-
tion, starting from the skin and proceeding
as far as the bone, finally obtaining anes-
thesia. Crile attempted to anesthetize the
brachial plexus, for this purpose making a
cut in the posterior border of the sterno-
cleidomastoid muscle. At this point he went
in search of the nerve trunks and injected a
certain amount of cocaine into each trunk.

These, however, are isolated attempts
under local anesthesia, which subse-
quently failed to yield any useful proce-
dure. The preparations were too complex
and caused the patient too much anxiety.
The search for the individual nerves was in
itself a major intervention.

Encouraged by my experience with the
emptying of the armpit under local anes-
thesia in cases of cancer of the breast, I
attempted to anesthetize the brachial
plexus so as to be able to operate without
anesthesia at the level of the arm and hand.

For the emptying of the armpit at that
time an injection of 1 % novocaine was
sufficient with the addition of a few drops of
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titigkeit durch den Extrakt der antagonistischen Hypophyse
lerubgesetzt und dadurch indirekt die Blutung eingeschriinkt
wird, und so Danerwirkungen erziclbar sind, das sind heute
noch offene Fragen. Begnilgen wir uns fir heute mit dem
Friebnis, dass wir in dem Pituitrin ein Mittel kennen
gelernt haben, dessen praktische Verwertbar-
keit bei
jedenfalls weitere Nachpriifung verdient.
Der Satz von Hofbauer: ,Filr gyn&kologische
Zwecke scheint nach wenigen orientierenden bisherigen Ver-
suchen das Mittel wenig wirksam zu sein" besteht augen-
schieinlich nicht zu Recht.

chirurgischen Klinik (Direktor: Prof.
Dr. Wilms).

Die Anisthesierung des Plexus brachlalis bei Operationen
an der oberen Exiremitdt, -
Von Privatdozent Dr. Georg Hirschel

Wihrend die Lokalandsthesie in den letzien Jehren rapide
Fortschritte machte und sich immer mehr Terrain eroberte,
das fast den ganzen Kdrper betraf, war lhre Anwendung bei
grosseren Eingriffen an den Extremitiiten bisher zuriick-
geblichen. Woll ist man jetzt gewdhnt, an Fingern und Zehen,
auch &n Hiinden und Fiissen mit Lokalanfisthesie zu operieren,
auch Leitungsaniisthesien cinzelner grisserer Nervengebiete
an Beinen und Armen auszuifihren, allein ecine Leitungs-
andsthesie der ganzen Extremitét ist immer mit grossen Um-
stinden verkniipft und wird deshalb selten zur Ausfihrung
gebracht. Am Beine kann man sich in Filien, wo eine Narkose
fiir den Patienten gefahrbringend ist, mit der Spinalandsthesie
behelfen, am Arme ist dies nicht méglich.

Es hat nicht an Versuchen gefehlt und solche sind teil-
weise auch gelungen, z. B. Amputationen am Oberarm in
Lokalantisthesie zur Ausiiibrung zu bringen. Reclus ging
von der Haut bis auf den Knochen mit seiner
Kokainlésung schrittweise vor und erreichte
schliesslich ecine Anisthesie. Crile ver-
suchte den Plexus brachialis zu aniisthe-
sieren und machte zu diesem Zwecke einen
Schnitt am hinteren Rande des Konfnickers,
dann suchte er die Nervenstdmme auf und
injizierte in Jeden einzelnen derselben eine ge-
wisse Menge Kokains.

Alle diese Versuche stehen vereinzelt da und ein brauch-
bares Verfahren hat sich aus ihnen nicht herausgebildet. Die
Vorbereitungen waren zu umfangreich und fiir den Patienten
zu befingstigend und das Aufsuchen der einzelnen Nerven be-
deutete an und filr sich schon einen grosseren Eingriff.

Angeregt durch meine Erfahrungen®), die ich bei der
Anwendung der Lokalanisthesie bei der Ausrfiumung der
Achselhihle beim Mammakarzinom machte, versuchte ich nun,
den Plexus brachialis zu andsthesieren, um am Arme und der
Hand ohne Narkose operieren zu kénnen.

Fiir die Ausri der Achselhéhle geniigte damals das
| proz. Novokain mit einigen wenigen Tropfen Adrenalin. Die
Technik der Injektion habe ich genau beschrieben. Die
Anfisthesie reichte weit nach oben bis zur ersten Rippe, so
dass alle sichtbaren Driisen und Lymphstriinge schmerzlos
entiernt werden konnten. Die Beriihrung der grossen Nerven-
stimme l16ste keinerlei Schmerz aus.  Allerdings war diese
Andisthesie nur oberflichlich, die Extremitiit sclbst hatte nor-
male Empfindung.

Auf Qrund dieser Eriahrungen nahm ich nun eine 2 proz.
Lésung von Novokain und spritzte diese nach derselben
Methode in den Plexus brachialis cin. Um eine zu rasche
Resorption des Aniisthetikums zu verhindern, machte ich vor-
her eine leichte Stauung durch eine Pelotte, die auf die Gefiiss-
stimme gelegt und durch zwei clastische Biinder um die
Schulter und die Brust fixiert war (Fig. 1). Nach eingetretener

Aus der Heidelberger
Yy

"} Hirschel: Die Anwendung der Lekalaniisthesie bei grisseren
Operationen an Grust und Thorx (Mammakarzinom, Thorakoplastikl.
Monch. med. Wochenschr, No. 10, 1911,

gyndkologischen Uterusblutongen '

Aniisthesic wurde die Stauung abgebrochen und zum Zwecke
der Operation in Blutleere der Oberarm abgeschnilrt.
Auf diese Art konnten in 3 Féllen bei villiger Anéisthesie
des ganzen Armes grassere Operationen ausgefiihrt werden.
Im ersten Falle handeite cs sich um eiuen 28 jihrigen Mann, bei
| dem eine Kugel in der Ellbogenbeuge dirckt fiher dem: Celenke entfernt

wurde. Eingespritzt wurden 25 ccm der 2proz. Novokalalbsung mit
einigen Troplen Adrenalin. Die villige Anfisthesie trat nach ¥ Stunde
ein und daverte etwa 13 Stunden.

Der zweite Fall betraf eine alte schwache Frau von 70 Jahren mit

Fig. 2.
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ciner ausgedehnign Tuberkulose des rechten Ellbogengelenkes. Ein-
gespritzt wurden 30 ccm der Losung. Die Anfisthese trat nach 20 bis
25 Minuten cin. Ohne den geringsten Sciunerz kounte die Amputation
ctwas iiber der Mitte des Oberarmes vorgenommen werden.

!iuim :Iril}cn Faile haudeg: es sich um ginen 58 jibrigen (.M.anll mit

A Y Hiis 86 cistal bttt el g
wurden auch 30 cem der Losung. Das Eintreten der Andsthesie dauerte
in dj!cscm Falle etwa 40 Miuten, doch war dieselbe dann auch voll-
stiindig. &

Um die Aufregung der Patienten zu vermindern, wurde
bei fast allen Lokalaniisthesien vorher Morphium oder Panto-
l pon injiziert; der alten Pran wurde zur Beruhiging die Maske
zur  Sauerstofiinhalation vorgehalten, besonders  als  der
' Knochen durchstigt wurde, Sie hatten wilireitd der Operation
keinerlei Schmerz emplunden,

1 Was die Technik der Injektion betrifit, so ist zu dem

uben Gesagten noch folgendes zu bemerken:

Der Arm wird, wie auch aus Flg. 1 ersichtlich ist, sturk abduziert
urkl dann die Pelotte angelegt, die encn nélssiven Druck ausiibt auf die
gut palpablen Qefisse. Damit man zur Inicktion geniigend: Spielraum
hat, muss sie moglichst weit nach oben unter den Pektorlis geschoben
werden. Dann fixiert man mil der einen Hand die Arterie und geht mit
der Injektionsundel moglichst weit oben unter dem Pecloralis major
in der Richtung des Armes ein (Fig. 1. Beim Vordringen Jer Nadel
muss sofort gespritzt werden, um die Qefiisse zum Ausweichen zu
bringen pnd ihre Verletzung zu vermiciden. Man umspilt so mit einigen

'
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adrenaline. The technique of this injection
has been described by me in the greatest
possible detail. The anesthesia extended
upwards as far even as the first rib, with the
result that all the visible lymph nodes and
glands could be removed painlessly. The
stimulation of the large nerve trunks was
also painless. It was, however, only a
superficial anesthesia, the limb itself
continuing to present normal sensitivity.

On the basis of this experience, I took a
2 % novocaine solution and injected it by
the same method into the brachial plexus.
To prevent an excessively rapid absorption
of the anesthetic I brought about a slight
stasis by applying a compression belt on
the vascular trunks fixed to the shoulder
and chest with two elastic bands (Fig. 1).
When the anesthesia had set in, I inter-
rupted the stasis and applied a tourniquet
on the arm in order to be able to operate in
a state of ischemia.

In three cases, the complete anesthesia
obtained with this procedure made it possible
to perform major surgery on the entire arm.

The first of these was the case of a 28-
year-old man who required surgery for the
removal of a bullet that had lodged in the
cubital tunnel of the elbow just above
the joint. I injected 25 cc. of 2 % novo-
caine solution with the addition of a few
drops of adrenaline. After half an hour and
for a period lasting an hour and a half the
anesthesia was total.

The second case was one of an elderly
70-year-old lady greatly debilitated by
diffuse tuberculosis at the level of the right
elbow. We injected 30 cc. of solution. The
anesthesia set in after 20-25 min. The arm
could be amputated painlessly just above
the middle part of the humerus.

The third case was one of a 58-year-old
man with tubercular osteomyelitis of the
distal ulnar epiphysis. In this case, too, we
used an injection of 30 cc. of solution, and
the anesthesia set in after 40 min, but then
proved total.

To reduce the patient’s anxiety, prior to
almost all the local anesthesias adminis-
tered, we injected morphine or Pantopon.
To put the elderly lady’s mind at rest, we
applied an oxygen mask, particularly when
sawing the bone.

During the interventions the patients
experienced no pain sensations.

As far as the injection technique is
concerned, I would like to add the fol-
lowing observations:

As may be seen in Fig. 1, the arm is
substantially abducted in order to apply the
compression belt that exerts a moderate
compression on the easily palpable vessels.
To make room for the injection the needle
must be pushed upwards as far as possible to
a point below the pectoralis muscle. At this
point the artery is fixed with one hand,
pushing the needle upwards as far as possible
to a point below the pectoralis major muscle
and in the direction of the arm (Fig. 1). To
keep the vessels at a safe distance and avoid
injuring them the liquid must be injected
right from the outset when advancing the
needle. In this way the median and ulnar
nerves are bathed with just a few injections
of the solution. It is then necessary to deliver
a further injection below the artery at
approximately the level of the insertion of
the latissimus dorsi muscle. Here the needle
mainly comes into contact with the radial
nerve. In this way the artery is bathed and
with just a little careful attention one avoids
damaging the artery and vein.

The anesthetist must take great care to
make sure when pressing the needle
upwards that it goes beyond the first rib,
because otherwise it will not make contact
with the axillary and musculocutaneous
nerves. As can be seen in Fig. 2,
(according to Spalteholz) departing, more
or less at the same level from the head of
the humerus, which is palpable, are the
musculocutaneous nerve superiorly and
the axillary nerve inferiorly. Figure 3
shows their ramification at the level of the
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skin of the arm. Both the nerves can be
reached easily by the injection: in my
three cases they were anesthetized.

With gentle massaging after the injec-
tion the anesthetic can be spread by
increasing the pressure.

The needle did not damage the vessels
either in the three cases described above,
or in another three cases described previ-
ously. In any event, vascular lesions are
always a possibility and it is essential that
a complex local anesthesia should not be
entrusted to non-experts. It may be that the
consequences of an injury to an artery due
to puncture with a thin needle may not be
important. I am of the opinion that, even
with the addition of adrenaline, the appli-
cation of a tourniquet to the limb is fun-
damental for the success of the anesthesia.
Probably, the novocaine would otherwise
be reabsorbed instead of infiltrating the
large nerve trunks. In the three cases
described from 20 to 40 min elapsed
before the onset of the anesthesia. It is
likely that this time period may be reduced
by improving the technique.

We used a 2 % solution, bearing in
mind the thickness of the nerve trunks, and
we consumed on average approximately
0.6 grams of novocaine. This high con-
centration was excellently tolerated by the
patients none of whom ever manifested
any kind of adverse reaction or distur-
bance. The amount of adrenaline added
was relatively low, 1 drop of adrenaline
1:1,000 in 30 cc. of solution. As I
observed previously, isolated cases of
nausea and vomiting after local anesthesia
are due mainly to the addition of adrena-
line: larger amounts of novocaine were
always well tolerated. In case of necessity,
the concentration of the novocaine solu-
tion could probably be further increased,
thus shortening the anesthesia onset time.

In all major surgeries performed under
local anesthesia, I believe it is of the utmost
importance to carefully monitor the

psychological state of the individual
patients. The anesthetist is making a grave
mistake if he submits unsuitable, fearful or
psychologically disturbed patients to local
anesthesia. One cannot rule out the possible
occurrence of severe states of shock that
may have serious consequences. There must
be a well defined indication, not only for the
choice and execution of surgery, but also for
the administration of local anesthesia.

In any case, it is good policy, as already
mentioned above, to administer morphine
or Pantopon or scopomorphine. Good
sedation is obtained with such premedi-
cation. An oxygen mask can also be
applied or a few drops of ether or chloro-
form can be administered. Assuming these
precautions are taken, local anesthesia will
make important progress in future.

10.2 Introduction

One of the purposes of this monographic study
was to commemorate, at a distance of about a
century, the first brachial plexus blocks, namely
Kulenkampft’s supraclavicular block and Hir-
schel’s axillary block. What better way to do this
than to reproduce the original articles accurately
translated from the German into English? (for
the translation of the Kulenkampff article, see
Chap. 6).

On glancing at the texts, one has the
impression, on the one hand, that the authors are
experimenting with new paths that had never
previously been explored, introducing the needle
more or less blindfold, identifying the drug and
the right concentration for the anesthesia, and
basing these attempts on their knowledge of
anatomy; on the other hand, one is impressed by
the topicality of certain concepts, such as the
cranial administration of the anesthetic, the
downstream compression and massaging to
facilitate its spread and the combination of the
peripheral anesthetic technique with the need to
sedate the patient.
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The Hirschel text reproduced here in trans-
lation does not show its 100-year age and, above
all, does not appear to be the document that
marked the start of a long story. The axillary
block is something of a paradox, because
everything seems to have already been known
right from the outset, yet enormous progress has
been made over the years, particularly in the last
two decades, with regard to identifying more
precise techniques safer and more effective
drugs and adjuvants, and devices facilitating the
execution of the blocks.

Since the advent of ultrasound techniques, we
have been able to easily recognize the anatom-
ical elements, the needle position in relation to
the nerve structures and the spread of the anes-
thetic, and finally, it is now possible to appre-
ciate the many details acquired over the years in
the ‘blind’ techniques to improve the efficacy
rates and discover the reasons for a number of
previously inexplicable failures.

In this chapter, we will attempt to present a
succinct yet complete account of the axillary
block—from Hirschel’s initial efforts to the
present-day  ultrasound-guided techniques—
which we hope will be of use both to experts for
establishing the links and possible synergies
between old and new techniques, and to novices
for familiarizing themselves with techniques
they will never perform, but which have con-
tributed to the success of one of the most com-
monly executed anesthetic blocks.

10.3 Indications
The indications for the axillary block constitute
surgical operations involving the skin, muscles,
bones and nerves from the hand to the elbow.
In addition, it is indicated for the treatment of
postoperative pain, in cases presenting chronic
pain in complex regional pain syndromes, in
cases of deafferentation pain, neuropathy and
pain due to accidental intra-arterial injection of
drugs with arterial spasm.

10.4 Contraindications

There are very few local contraindications to the
axillary block. These include the impossibility
of abducting the arm for traumatic reasons or
due to chronic diseases; the presence of
lymphadenopathies or infections of the axillary
region; and previous surgery responsible for
altering the anatomy (e.g. lymphadenectomy).

The relative systemic contraindications refer
above all to anticoagulant treatment, haemor-
rhagic diseases, nervous system diseases and
peripheral nerve injuries.

As in all types of regional anesthesia, refusal
of the procedure, in the absence of contraindi-
cations to general anesthesia, constitutes an
absolute contraindication to execution of the
block.

10.5 Comparison of Approaches
to the Brachial Plexus

There are various different methods that the
anesthetist can choose to achieve anesthesia and
analgesia of the upper limb inducing a sensory
and motor block of the regions from the distal
part of the humerus downwards. In the present
age of evidence-based medicine, one cannot
disregard what the scientific publications state in
order to be able to provide qualified performance
for the good of the patient and for ensuring
greater safeguards, also of a legal nature, on the
part of the anesthetist. We will therefore exam-
ine what the literature has produced in recent
years with regard to the evolution of brachial
plexus block by the axillary route, highlighting
the technical suggestions best supported by sci-
entific evidence. In this and in the following
section, we intend to avail ourselves of a sche-
matization already used in a recent review (Tran
et al.) involving the use of the term ‘approach’
when referring to the site at which access is
gained to the brachial plexus, that is to say the
supraclavicular, infraclavicular, axillary and
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midhumeral approaches. The term ‘technique’
will be used to refer to the modalities whereby
the nerve branches are identified (eliciting par-
aesthesias, loss of resistance, fascial click, tran-
sarterial puncture, neurostimulation, ultrasound)
and to the endpoints selected before injecting the
local anesthetic (type of twitches elicited, single
or multiple twitches, etc.).

10.5.1 Axillary Versus Supraclavicular

Approach

Only two randomized controlled studies have
compared the axillary and supraclavicular
blocks. The first of these, conducted by Fleck
et al. recruited 40 patients randomized to
receiving a transarterial axillary block or a
supraclavicular block with neurostimulation,
finding no significant difference in the percent-
age of patients requiring supplementary anes-
thesia (80 vs. 65 %, respectively). Kapral et al.
on the other hand, using a US-guided supracla-
vicular approach, obtained a more satisfactory
block of the musculocutaneous nerve compared
to the axillary block (100 vs. 75 %, respec-
tively). We can conclude that, on the basis of the
limited evidence available, the supraclavicular
block is capable of achieving results comparable
to those obtained with the axillary approach.

10.5.2 Axillary Versus Infraclavicular
Approach

The axillary and the infraclavicular approaches
share very similar indications, and for this rea-
son, in the literature, there is no lack of studies
attempting to demonstrate the superiority of one
technique over the other. Although the infra-
clavicular approach uses different landmarks and
there may be different success rates of this type
of block, the results are fairly constant and
would appear to favour this approach.

It has been demonstrated that the infraclavic-
ular approach with a single stimulation produces
satisfactory surgical anesthesia in a higher per-
centage of patients compared to the axillary

approach with a single stimulation (97-100 vs.
80-85 %; p = 0.05) as a result of a better block
of the territories of competence of the axillary and
musculocutaneous nerves. Moreover, according
to Chin et al. the infraclavicular approach affords
better tolerance of tourniquet-induced pain.

When compared to the axillary approach with
three or four stimulations, the infraclavicular
approach with a single administration showed
comparable success rates (85-92 %) in two
studies conducted by Koscielniak-Nielsen et al.
in a total of 180 patients. The infraclavicular
approach, however, according to Deleuze, et al.
required fewer needle insertions and thus pre-
sented shorter execution times and proved more
comfortable for the patients, reducing both the
pain associated with the procedure and the
incidence of side effects such as paraesthesias
and vascular puncture.

The advent of ultrasound guidance has
renewed interest in the infraclavicular block,
increasing its safety margins. Transarterial axil-
lary block has been compared with the ultra-
sound-guided infraclavicular block in 232
patients, with similar results in terms of execu-
tion times or adequacy of anesthesia, but the
infraclavicular block presented a lower inci-
dence of paraesthesias and less pain at the site of
the block at two and ten days. This explains the
greater number of patients reported by Tedore
et al. that expressed a desire to opt for the
infraclavicular block as a future anesthesia
approach. In line with these results are those
reported by Tran et al. who evaluated the ultra-
sound-guided infraclavicular block versus the
axillary block with triple stimulation. The two
approaches presented similar success rates (91
vs. 89 %, respectively), but the infraclavicular
approach yielded shorter execution times
(3.90 &+ 2.27 vs. 8.03 &+ 3.92 min; p < 0.001)
and lower VAS values (2.70 & 2.02 vs.
4.17 £ 2.57; p < 0.01). Lastly, the same authors
compared the infraclavicular and axillary
approaches, both US-guided, no appreciable
differences being found in terms of anesthesia-
related times (23-25 min), success rates
(95-97 %) and incidence of side effects such as
paraesthesias and vascular puncture. The
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axillary approach, however, required a greater
number of needle insertions and needle move-
ments during execution of the block.

10.5.3 Axillary Versus Midhumeral
Approach

In a study by Bonaziz et al. the midhumeral
injection of local anesthetic into the terminal
branches of the brachial plexus has yielded a
higher success rate compared to the axillary
approach with dual stimulation (88 vs. 54 %;
p <0.01). These results, however, were not
confirmed in the study conducted by Fuzier et al.
who found a similar degree of efficacy, although
the musculocutaneous nerve was better anesthe-
tized in the midhumeral group. The axillary
block with dual stimulation, moreover, presented
shorter execution and onset of anesthesia times,
thus proving better tolerated by the patients.

Comparison between the midhumeral and a tri-
pleinjection axillary block was conducted by March
et al. in 96 patients. The triple injection axillary
approach yielded a higher success rate (94 vs. 79 %;
p < 0.05), reduced performance times (8 & 4 vs.
11 & 4 min; p < 0.01) and onset times (16 &+ 6 vs.
21 £ 9 min), but caused a higher incidence of
vascular puncture (22 vs. 8 %; p < 0.05).

Two studies, on the other hand, have com-
pared the midhumeral approach and the axillary
approach with quadruple stimulation, finding no
difference in success rates. The axillary
approach, however, was associated, in one study
by Koscielniak-Nielsen et al. with shorter times
to achieve adequate anesthesia for surgery
(26 &= 8 vs. 30 = 6 min; p = 0.04), while in the
other study by Sia et al. it was associated with
less pain related to the  procedure
(VAS =16 £ 9 vs. 22 + 12 mm; p < 0.005).

10.6 Axillary Brachial Plexus Block
Techniques

The localization of the terminal branches of the
brachial plexus at the axillary level can
be achieved with indirect methods such as the

stimulation of paraesthesias or appropriate
twitches, or with direct-view methods such as
ultrasound guidance. These techniques are not
mutually exclusive and can be integrated in
order to improve the results. We will therefore
examine the eliciting of paraesthesias, the loss of
resistance, fascial clicks, transarterial puncture
and ultrasound guidance.

10.6.1 Eliciting Paraesthesias

Contact of the needle with the peripheral nerve
branches produces a sensation of sudden, intense
tingling, tickling, burning or formication in the
area they innervate, which is termed paraesthe-
sia. Before the advent of the electrical nerve
stimulator in regional anesthesia practice, elic-
iting paraesthesias was the most valid empirical
method for establishing how near the needle tip
was to the brachial plexus.

The success rate reported in the literature for
this technique is variable according to the dif-
ferent parameters with which the success of a
block is defined and the various factors related to
the technique in question that are capable of
influencing its success. For example, when the
use of this technique correlates positively with
the number of paraesthesias elicited, it has been
seen, in a report by Baranowski and Pither, that
the eliciting of one, two or three paraesthesias is
associated with success rates of 60, 82 and
100 %, respectively. These results, however,
need to be considered with caution, inasmuch as
the patients were not randomly assigned to the
groups examined. What is more, the success rate
may be related to the inclination imparted to the
needle during the injection. An insertion per-
pendicular to the axillary artery compared to one
tangential to the artery presented a higher suc-
cess rate and better quality block. Rucci et al.
moreover, have demonstrated that a slower local
anesthetic injection speed (30 s) also yields
better results than a faster injection rate (10 s).

On the other hand, three randomized con-
trolled studies conducted by Youssef and De-
grand, Turkan et al., and Goldberg et al. have
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assessed attempts to elicit paraesthesias with the
transarterial puncture technique.

We refer the reader to the specific section
addressing this technique, briefly recalling here
that no significant differences were found com-
pared to the eliciting of just a single paraesthesia.

The advent of electrical nerve stimulation has
supplanted the search for paraesthesias in clini-
cal practice, yet not many randomized controlled
studies have analysed the differences. We will
mention three such studies, in two of which the
techniques investigated showed no statistically
significant differences in success rates .In the
third, most recent of these studies, conducted by
Sia et al. 96 patients were recruited and ran-
domized to receiving two types of blocks, one
with the eliciting of three paraesthesias plus
local infiltration of the coracobrachialis muscle
and the other with quadruple neurostimulation.

The latter technique yielded a higher success
rate (91 vs. 76 %; p < 0.05) with a reduction in
anesthesia onset times (25 4 8 vs. 35 £ 9 min;
p < 0.001) due to a simultaneous reduction in
block execution and onset times.

10.6.2 Loss of Resistance

Alternative methods to the eliciting of paraes-
thesias were sought as early as the 1980s in
order to reduce the incidence of nerve injuries
and accidental vascular punctures in the search
for the brachial plexus. On the strength of the
‘loss of resistance’ technique used to detect the
epidural space, the sensation of ‘loss of resis-
tance’ was also proposed at the axillary level as
an endpoint for the injection of local anesthetic,
which the anesthetist perceives when the needle
penetrates the fascia investing the neurovascular
bundle in that region.

This ‘cannulation’ of the neurovascular bun-
dle was compared by Hill and Campbell with the
widespread practice of eliciting paraesthesias at
that time in a randomized controlled study in 60
patients. The loss of resistance technique not
only presented a higher success rate (73 vs.
43 %; p < 0.05) but also a more complete block

in the axillary, musculocutaneous and radial
nerve regions along with a significant reduction
in vascular punctures (7 vs. 33 %; p < 0.01).

10.6.3 Fascial Click

In the path taken by the needle in its descent
from the skin to the deeper layers in search of
the brachial plexus, the anesthetist is capable of
perceiving several clicks due to the needle
passing through the tissues. Recognizing the
click that marks the entry of the needle into the
neurovascular space of the axillary region will
determine the success or failure of the technique.

In a study conducted in 100 patients, Bara-
nowski and Pither observed a higher failure rate
when positioning a catheter using the fascial
click technique, compared to the eliciting of
paraesthesias or the use of electrical nerve
stimulation, due to incomplete block of the ter-
ritories of the median and ulnar nerves. In line
with these results are the results of a study con-
ducted by Tuominen et al. who report a higher
failure rate as compared with electrical nerve
stimulation (13 vs. 0 %) and a lower incidence of
complete blocks (60 vs. 73 %), although these
differences are not statistically significant.

To improve the results, an attempt was made
to combine the determination of the fascial click
with other techniques. Rodriguez et al. for
instance, combined the fascial click with the
injection of saline, demonstrating that when cold
(811 °C), saline proves capable of eliciting
paraesthesias in a more consistent manner
compared to room temperature saline, giving
rise to increased success rates. The same group
subsequently compared the fascial click plus the
injection of cold saline versus the use of the
electrical nerve stimulator (just a single distal
twitch), finding a positive response and a success
rate of around 95 % in both groups. By contrast,
in a report by Fuzier et al. the combination with
electrical nerve stimulation proved reliable and
efficacious in the context of catheterization via
the axillary route in emergency upper limb sur-
gery in as many as 120 patients.
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10.6.4 Transarterial Puncture

Transarterial puncture consists in perforating the
axillary artery and injecting all the volume of
local anesthetic (usually about 40 ml) posteri-
orly to it. Alternatively, you can also subdivide
the dose and deposit half of it posteriorly and
half anteriorly to the artery. The success rates
range from 70 to 82 %, In particular, according
to Hockey et al. the single injection posteriorly
to the artery presents a slower onset of anes-
thesia and less involvement of the territories of
the median nerve. The same study, however,
failed to show any difference between a single
injection anteriorly to the artery and the two
injections, half in front and half to the rear of the
artery. Particular attention must be paid to
avoiding an intravascular injection, especially
with this technique which, by increasing the
pressure within the neurovascular compartment,
may shift the walls of the vessels, moving them
closer to the needle tip which itself remains
immobile.

This technique, as reported by Pere et al. has
proved to be equivalent to a single injection
together with the use of the electrical nerve
stimulator. A randomized controlled study con-
ducted by Jones in 57 patients has even found
that transarterial puncture is superior to double
neurostimulation with a success rate of 66 vs.
47 % (p <0.05). On the other hand, in two
studies conducted by Koscielniak-Nielsen et al.
in a total of 200 patients, a quadruple stimulation
produced better results (success rates of 88—94
vs. 62-64 %; p < 0.001) with a reduction in
time to anesthesia (23-30 vs. 37-38 min;
p < 0.001) despite the longer performance times
(10-11 vs. 7-8 min; p < 0.001), probably on
account of a shorter latency and reduced demand
for supplementation.

In a study by Goldberg et al. quadruple
stimulation also proved superior to transarterial
puncture and eliciting paraesthesias, with higher
success rates (87 vs. 54 %; p < 0.001) and
despite a longer execution period (11 vs. 7 min;
p < 0.05), total anesthesia time was lower (32
vs. 39 min; p < 0.05.

10.6.5 Neurostimulation

Although neurostimulation may appear to be a
recent innovation, as early as 1912 a nickel
needle was used connected to an electrical nerve
stimulator that evoked given muscle contrac-
tions when the needle tip was close to a nerve.
The clinical use of the technique, however,
became widespread only when it was possible to
apply more advanced technologies that have
permitted the development of portable stimula-
tors and of needles made of more suitable
materials, insulated electrically except for the
tip. Since the 1990s, there has been a plethora of
publications attempting to refine the electrical
nerve stimulator technique, particularly for the
axillary block, determining how many and
which contractions should preferably be evoked
in order to obtain an effective block.

With the single stimulation technique, the
muscle twitch that, when elicited, yields the best
results is the one related to the territories of the
radial nerve. Rodriguez et al. in fact, have found
that, as compared to stimulation of the median
nerve, a radial twitch indicates similar anesthetic
cover of the territories of the median nerve but
significantly superior efficacy with regard to the
territories of the ulnar and radial nerves. The use
of a single injection for the axillary block is
based on the concept of a single neurovascular
compartment delimited also by a connective or
fibrous sheath. Pressure exerted downstream of
the injection site is thought to allow the local
anesthetic to spread more proximally. This
hypothesis has been analysed in a study by
Koscielniak-Nielsen et al. in 98 patients which,
as a result of radiographic monitoring of the
spread of the injectate, showed no differences
between the group in which pressure was exer-
ted and the control group, similar success rates
being registered in both groups.

A recent review article by Chin and Handoll,
published in the Cochrane Database of System-
atic Reviews, has analysed all the studies com-
paring groups with different numbers of
stimulations. There are 11 clinical trials compar-
ing double stimulation with single stimulation,
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showing that the former significantly reduces the
anesthesia failure rate. In particular, it is stressed
that in a study by Rodriguez et al. of 60 patients, it
has been demonstrated that the combination of
radial and musculocutaneous nerve contractions
is associated with a better quality of anesthesia
compared to that associated with twitches of the
ulnar and musculocutaneous nerves. In the pae-
diatric population, however, Carre et al. report
less uniform results. Although double stimulation
yielded earlier onset times, this technique failed to
produce a more complete block. The hypothesis
adduced to explain this difference versus adults
may be that the local anesthetic may have a better
circumferential spread due to the anatomy of the
neurovascular bundle in that age bracket.

The differences between the technique elic-
iting multiple contractions (more than two) and
that using only a single stimulation were ana-
lysed in 7 trials. The first of these showed that
the multiple stimulation technique not only
reduced the anesthesia failure rate but also the
percentage of incomplete motor blocks. Another
11 compared multiple stimulations with double
stimulation, showing that eliciting multiple
contractions, in this case too, reduces the anes-
thesia failure rate and the percentage of incom-
plete motor blocks and significantly reduces the
pain caused by the tourniquet.

Sia et al. in 81 patients, evaluated a triple
injection technique (with stimulation of the
radial, median and musculocutanecous nerves)
versus a technique involving four stimulations,
reporting similar success rates for the blocks (90
vs. 92 %). Moreover, the study showed compa-
rable results also for the latency (17 vs. 19 min)
and the anesthesia onset times (approximately
25 min) despite the fact that the triple stimula-
tion technique involved shorter performance
times (5 +2 vs. 8 & 3 min; p < 0.01). The
quadruple stimulation technique presents the
drawback that it induces significantly greater
pain  values related to the procedure
(VAS =13 £ 2 vs. 8 £ 2 mm; p < 0.01). The
same authors in two later randomized controlled
trials attempted to better define which contrac-
tion pattern in triple stimulation was more
effective, demonstrating that the radial-median—

musculocutaneous combination achieved a
higher success rate than the ulnar-median—
musculocutaneous combination (91 vs. 73 %;
p < 0.05), despite taking longer to perform
(7.8 £ 1.8 vs. 6.5 £ 1.7 min; p < 0.01). Fur-
thermore, they showed that, in the case of radial
stimulation, eliciting a distal contraction (such
as the supination of the hand or the extension of
the fingers) permits a better sensory block and a
reduction in onset times compared to injection
involving a proximal contraction, despite the
fact that its localization takes longer (8.4 + 1.9
vs. 7 & 1.7 min; p < 0.01).

10.6.6 Ultrasound Guidance

The advent of the use of ultrasound in medicine
opened up new horizons also in the regional
anesthesia sector. After the various different
techniques that permitted the anesthetist by
guesswork to indirectly locate the presence of a
nerve, inserting the needle on the basis of
external landmarks, with ultrasound guidance it
now proves possible to view the anatomical
structures, the direction of the needle and the
spread of local anesthetic directly. The anes-
thetist is called upon to apply his or her
knowledge of anatomy to the two-dimensional
ultrasound image in which the different grey
scales or the compactness or otherwise of colour
identifies very precise structures, which it is of
fundamental importance to be familiar with and
to be able to recognize.

The brachial plexus when approached via the
axillary route is observed by placing the probe
transversely in relation to the arm abducted 90°.
In this way, a scan parallel to the sagittal plane,
or slightly oblique, is obtained. The marker
present on the transducer is placed superiorly in
relation to the operator or cranially in relation to
the patient (Fig. 10.1).

The typical image obtained with a linear
transducer has as its first landmark the axillary
artery, which is usually accompanied by from
one to four veins with a very variable disposi-
tion. The vessels and nerves are to be found in a
loose, connective tissue space, rich in septa, with
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Fig. 10.1 Positioning of the needle and probe transversely to the neurovascular bundle

a hyperechoic appearance and a triangular
shape. When the patient is positioned for scan-
ning, these structures lie within a distance of
1-2 cm from the skin, even in grossly obese
patients (Sheppard et al.) (Fig. 10.2).

At this level, the brachial plexus has branched
out into its terminal branches, and the median,
ulnar and radial nerves appear as well-defined
bunches of hyperechogenic, vesicular structures.
With high-resolution ultrasonographs, it is even
possible to recognize the endoneurial structures
that separate the individual fascicles. The radial
nerve rests upon the underside of the neurovas-
cular bundle enclosed by the two aponeuroses of
the coracobrachialis and triceps brachii muscles.
The humerus, which closes the field of vision in
depth, has the appearance of a hyperechogenic
arch with an acoustic void to its rear. Numerous

studies have evaluated the position of the nerves
around the brachial artery in order to understand
what their normal distribution is. By way of
reference, we may mention the study conducted
by Chan et al. who have produced a schematic
diagram of the ultrasound image, visualizing it
as the face of a watch. The median nerve is
situated in 58 % of cases between 7 and 8§
o’clock (sectors 7 and 8), the ulnar nerve in
87 % of cases in sectors 1 and 2, and the radial
nerve in 70 % of cases in sectors 3 and 4
(Fig. 10.3).

The radial nerve presents the most complex
sonoanatomy both because it is distributed in a
very variable manner and, above all, because its
visibility is often reduced by the posterior
acoustic reinforcement artefact due to the bra-
chial artery (Fig. 10.4).
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Fig. 10.2 Ultrasound view of all the structures at the axillary level

Moreover, the nerve is embedded in the
connective tissue of the axillary fossa, unlike the
other nerve trunks, which are surrounded mainly
by muscle tissue.

Not infrequently, the injection of local anes-
thetic improves the local visibility posteriorly to
the artery, reducing the reinforcement phenom-
enon, and improves the visualization of the
branches of the radial nerve which were previ-
ously undetectable. The relative positions of the
nerves are very variable not only individually
but also in relation to the pressure exerted by the
transducer on the arm.

The musculocutaneous nerve is not normally
directly related to the brachial artery and is not
found within the neurovascular compartment but
is included within the belly of the coracobra-
chialis muscle and may sometimes lie between
the aponeurosis of this same muscle and that of
the biceps brachii muscle. The cross-section of
the nerve at this level is characteristically

streamlined, surrounded by muscular tissue, with
the classic ultrasound appearance of honeycomb
nerves (Fig. 10.5).

Ultrasound-guided axillary block was com-
pared with the transarterial puncture technique
in two studies: Soeding et al. found it produces a
better sensorimotor block, a shorter onset time
and a reduced incidence of paraesthesias com-
pared to the blind injection of a half dose pos-
teriorly and a half dose anteriorly to the artery.
Also when applied in conjunction with the
transarterial technique, ultrasound guidance
made it possible to reduce the block perfor-
mance time and the failure rate, as reported by
Sites et al.

The issue as to whether the use of ultrasound
is preferable to that of electrical nerve stimula-
tion is still a matter of heated debate today.
Despite the optimistic claims of those who
anticipate a complete reduction in side effects,
performance times, etc., no evidence has been
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found to date of such clear-cut advantages in
terms of success rates. As regards the learning
curve of this new technique, according to Mor-
ros et al. it has been estimated that, for anes-
thetists with experience of the traditional
axillary block, at least 15 US-guided blocks are
needed to obtain clinically comparable results.

There are studies such as that by Schwemmer
et al. in which ultrasound guidance and neur-
ostimulation were compared in the operative
management in axillary plexus blocks, revealing
in the ultrasound group a higher success rate
(98.2 vs. 83.1 %), enabling the surgical inter-
vention to be started 15 min earlier (5 vs.
20 min; p < 0.001), with a lower duration of
anesthesia (85 vs. 120 min; p < 0.001) and a
reduced need for postoperative assistance (5.4
vs. 32.4 %; p < 0.001).

In a more recent axillary block study con-
ducted by Blox et al. 120 patients were subdi-
vided into three groups (neurostimulation,

ultrasound guidance with an ‘in-plane’ approach
and ultrasound guidance with an ‘out-of-plane’
approach). The authors’ aim was to assess
patient comfort in subjects undergoing axillary
brachial plexus block with the three techniques
and describing their experience of the anesthesia
in terms of ‘comfortable’ or ‘very comfortable’.
25 and 55 % of patients in the ‘out-of-plane’
ultrasound group reported feeling comfortable
and very comfortable, respectively, as compared
to 20 and 32 % in the ‘in-plane’ ultrasound
group, and 8 and 25 % in the neurostimulation
group.

On the other hand, neurostimulation and
ultrasound guidance do not necessarily oblige
the anesthetist to make a mutually exclusive
choice between them. The axillary plexus block
technique may avail itself of the concomitant
use of both procedures for greater patient safety
and a higher success rate.
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Fig. 10.4 Needle with its artefacts in the area of the radial nerve

10.7 Continuous Blocks

The continuous axillary block has been descri-
bed by various authors, and it has been per-
formed, according to the respective periods,
using the devices available at the time, ranging
from the early intravenous Teflon cannulas
attached with plasters, to the latest dedicated
kits.

The indications for this type of block are all
included in the indications for the continuous
infraclavicular block, which must be regarded as
being first choice.

In actual fact though, the precarious stability
of the catheter and the ease of infection of the
exit point in the armpit have meant that these

blocks have been practically abandoned in
clinical practice.

A few anesthetists still use the procedure,
adopting a tunnelling technique that allows the
catheter to emerge in a position outside the
axillary fossa.

This detail makes it possible to limit the per-
centage of infections, although it is difficult to
maintain the catheter in place for more than 72 h.

10.8 Personal Notes Regarding
Technique

I feel I should add a number of considerations in
the light of my 25 years of clinical experience
with this block.
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Fig. 10.5 The musculocutaneous nerve reached by the needle, well away from the neurovascular bundle

10.9 ENS

Perform the puncture as proximally as possible
without involving the axillary fossa.

Insert the 50-mm needle tangentially to the
artery and attempt first to find and stimulate the
nerve branch that innervates the area on which
surgery is to be performed and subsequently the
contiguous branch.

Always search for and block the musculocu-
taneous nerve.

Search for the stimulation up to 0.2 mA. Do
not administer the anesthetic if the stimulation
persists below this threshold.

Apply downstream compression during the
administration of the anesthetic.

Use local anesthetics at intermediate con-
centrations (e.g. mepivacaine 1.5 %, ropivacaine
0.75 %), up to a volume of 35-40 ml.

Immediately after the end of the administra-
tion, adduct the arm, maintain the compression
downstream of the needle entry point for a few
minutes and massage gently.

10.9.1 Ultrasound

Position the 35-mm high-frequency probe
transversely to the neurovascular bundle below
the point where it is crossed anteriorly by the
pectoralis major muscle, as is visible in the
anatomical illustration in Fig. 10.6.

Use an 80-mm needle and insert the needle
‘in plane’ 2 cm above or below the edge of the
probe, according to the nerve branches that
have to be reached first (Figs. 10.7, 10.8 and
10.10).
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Fig. 10.6 Illustration of the anatomy of the neurovascular bundle at the axillary level with the removal of the

pectoralis muscles

The 80-mm needle enables the anesthetist to
maintain a position more parallel to the ultra-
sound beam, thus obtaining greater visibility and
the ability to manoeuvre with a wider angle.

With a single superior access, block first the
musculocutaneous nerve, then the median nerve,
after which, using the décollement caused by the
local anesthetic, the radial and ulnar zones are
reached (Fig. 10.9).

The yellow arrows represent the three posi-
tions that the needle occupies during the per-
formance of the block. Using the same needle
entry site each time, the needle is retracted and
repositioned without exiting from the skin. The
red colour represents the spread of the anesthetic
around the radial nerve and the musculocutane-
ous nerve.

The two vertical light blue lines indicate the
projection on the skin of the musculocutaneous
nerve and the needle entry point. The distance
between these two lines must be such as to allow

the needle to reach the musculocutaneous nerve
at an adequate angle for it to be visualized by the
ultrasonograph (45°).

With the inferior access, the radial nerve is
blocked first below the artery within the fascia,
then the ulnar zone, avoiding the axillary vein,
after which one reaches the median nerve,
passing above the artery and moving it using a
few cc. of local anesthetic. Proceeding in the
same direction, the musculocutaneous nerve can
be reached (Fig. 10.10).

The utmost attention needs to be paid to the
spread of the anesthetic, which must always be
present and must be detectable ahead of the
needle tip.

Using the ultrasound technique, the volume
of local anesthetic can be reduced by 50 %.

Adduction of the arm, compression downstream
of the puncture and light massaging constitute
useful means of facilitating the spread of the local
anesthetic and reducing the block onset time.
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Fig. 10.7 Superior access with an 80-mm needle

10.10 Complications

The success of the axillary block is due not only
to the simplicity of performance but also to the
limited incidence and severity of complications.

10.10.1 Vascular Puncture

Accidental venous or arterial puncture is a
common event with the use of ENS, but is much
less frequent (approximately 5-fold less) with
the use of ultrasound.

If the subject’s coagulative condition is nor-
mal, moderate compression resolves the prob-
lem; in the presence of coagulative impairment,
the formation of a haematoma is possible.

10.10.2 Acute Toxicity

In the eventuality of a vascular puncture, there
may be an intravascular injection of local anes-
thetic, with the immediate onset of symptoms of
acute toxicity, ranging from a metallic taste in the
mouth to involuntary movements of the limbs,
even to the point of a convulsive crisis.

The prevention of such events is based on
aspiration every 5 cc. of anesthetic, slow
administration and maintaining constant verbal
contact with the patient.

For the purposes of rapidly detecting the
symptoms related to acute toxicity, it is advis-
able to avoid the use of sedative drugs before
performing the block or confining their use to
sedation under vigilant monitoring, in case of
excessive agitation.
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Fig. 10.8 Another example in an obese patient

Fig. 10.9 Representation of the brachial plexus block
execution technique with ultrasound guidance; we have
proposed this technique in order to be able to distribute
the local anesthetic both at the perivascular level and on

the musculocutaneous nerve from the same needle entry
site on the skin. M = median nerve; U = ulnar nerve;
R =radial nerve; MC = musculocutaneous nerve;
AA = axillary artery
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Fig. 10.10 Inferior entry point for better access to the radial nerve

10.10.3 Nerve Injuries

Nerve injuries as a result of axillary block are to
be regarded as extremely rare events.

ENS has permitted a substantial reduction in
nerve injuries compared to the techniques used
previously, such as the eliciting of paraesthesias
or the transarterial technique. Ultrasonography,
if correctly employed, enables the anesthetist to
visualize the nerve structures and the needle tip,
thus making it possible to avoid direct contact
with the nerve and the intraneural administration
of local anesthetic.

From this point of view, the studies by Had-
zic et al. have demonstrated that only adminis-
trations at high pressure in the nerve fascicles
are capable of destroying the nerve cells and
causing permanent injury.

Attention, however, must be paid to the pre-
sumed nerve injuries attributed to the anesthetic
block, which are more likely to be the result of
iatrogenic lesions or incorrect postures.

The use of short-bevel needles and ENS,
which permits the monitoring of the stimulation
intensity, in conjunction with ultrasound visu-
alization, makes it possible to reduce nerve
damage to a minimum.
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