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Forew ord

Com pared to general anesthesia, regional anesthesia can provide anatom ically selective
anesthesia w ith less interference w ith the patient's vital functions and a reduced need for
opiates. Using a continuous catheter technique, the regional block can be transform ed into a
likew ise selective analgesia w ith sim ilar advantages for postoperative and other pain
m anagem ent.

Regional anesthesia is som etim es considered an art; this art can, how ever, be learnt by any
interested anesthesiologist w ho has access to professional instructions and a good training
program . The m ost exclusive form  of regional anesthesia is peripheral nerve blockade, and for
colleagues interested in practicing peripheral nerve and plexus blocks, this A tlas is an
excellent source of clear and instructive descriptions of m ost clinically relevant extrem ity
blocks. The art of peripheral nerve blockade is based on good anatom ical understanding,
careful handling of needles, catheters and patients, and good know ledge of pharm acology of
local anesthetics. A ll these com ponents are w ell presented in this A tlas.

Today's technology offers advanced assistance in localizing the target nerve; how ever, the
use of electrostim ulation or ultrasonography, for exam ple, does not reduce the im portance of
anatom ical know ledge. In m y opinion, a com petent anesthetist should also be able to find m ost
peripheral nerves w ithout this special equipm ent. A nd those readers w ho have carefully
studied this A tlas w ill certainly be able to do that!

D ag E. Selander’
N ôsund, O rust, Sw eden

’This forew ord to the 2nd English Edition w as w ritten in 2007 by D ag Selander, w ho sadly passed aw ay 4 July 2013. In m em ory
of this truly m arvelous clinician, scientist, teacher, and above all hum an being, w e decided to take over this forew ord for the 3rd
Edition, especially since it has lost none of its relevance.
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A bbreviations

a. artery

A C T activated clotting tim e

A SS acetyl salicylic acid

B A RT blue aw ay, red tow ard

C FM color flow  m odus

C N B central neuraxial block

C O PD chronic obstructive pulm onary disease

C R PS com plex regional pain syndrom e

C W continuous w ave

EC T ecarin clotting tim e

IP in plane

IV intravenous

LA ST local anesthetic system ic toxicity

LA X long axis

LM H low  m olcular w eight heparin

LO R loss of resistance

M R I m agnetic resonance im aging

O O P out of plane

PC A patient-controlled analgesia

PN S peripheral nerve stim ulation

PO N V postoperative nausea and vom iting

PR F pulse repetition frequency

PW pulsed w ave

SA X short axis

TA P transversus abdom inis plane

TG C tim e gain concentration

TH I tissue harm onic im aging

v. vein

V IB vertical infraclavicular (plexus) block



Part 1

G eneral Aspects of Ultrasound-G uided Peripheral
Regional Anesthesia

1 G eneral Principles of U ltrasound-G uided Peripheral N erve Blocks



1 G eneral Principles of U ltrasound-G uided
Peripheral N erve B locks 

1.1 Technical R equirem ents
1.1.1 E quipm ent
Portable, high-resolution ultrasound m achines w ith interchangeable transducers now  constitute
devices that are w ell suited for use in anesthesiology and intensive m edicine.

Types of V isualization
 B-m ode (brightness m ode). Every signal received from  the transducer is displayed in a

certain gray tone depending on its am plitude (intensity). The B-m ode is used only in
conjunction w ith the tw o-dim ensional (2D ) real-tim e m ode. A tw o-dim ensional im age is m ade
from  the num erous ultrasound w aves transm itted and received (  Fig. 1.1). D epending on the
penetration depth and the type of probe used, just a few  im ages or up to 200 im ages per second
can be visualized.

 M -m ode (or TM -m ode, tim e‌m otion). A n im pulse is transm itted w ith a high pulse
repetition rate (1,000‌5,000/s). The am plitudes of the signals received are displayed on the
vertical axis (one dim ensional) in various gray tones; the horizontal axis is the tim e axis on
w hich the signals received over tim e are displayed at short intervals according to frequency.

N ote

The M -m ode has alm ost no role in ultrasound-guided regional anesthesia.

The M -m ode can be helpful for diagnosing pneum othorax (see below ). W hen the visceral
pleura glide norm ally along the parietal pleura, a hom ogeneous granular pattern can be
visualized below  the pleura in M -m ode‍ in contrast to the horizontal lines that can be seen
above the pleura in im m obile tissue (  Fig. 1.2). If pneum othorax is present, the granular
pattern below  the pleura is replaced by horizontal lines (  Fig. 1.3).

Transducers
Linear array and curved array transducers are used (  Fig. 1.4).

 Linear array transducer. The standard transducer is the high-frequency linear array
transducer. A m ulti-frequency transducer (e.g., 4.0‌16 M H z), w ith the option of varying the
frequency depending on the penetration depth required, is generally used. A special form  of
high-frequency linear probe know n as a hockey stick linear array transducer is shaped so that it



can be used in sm all anatom ical situations. M odern m ulti-frequency linear broadband
transducers use an electronic phased array technique, allow ing the beam  to be directed at
various angles (sector scanning by electronic pan both in the transm ission and the receptor
field).

 C urved array transducer. The curved array transducer (2.0‌6.0 M H z) is used for blocks of
deeper nerves.

Practical N ote

The higher the frequency, the better the resolution‍ but the low er the penetration depth.

Fig. 1.1 V isualization of the elbow  in B -m ode (2D  real-tim e m ode).
1 B rachial artery
2 M edian nerve



Fig. 1.2 Intact pleura in M -m ode. a Sm all im age at top: Pleura in B -m ode indicating the ultrasound beam  in w hich the M -
m ode w as recorded.



b Intact pleura in M -m ode labeled.
1 Pleura
2 U ltrasound beam  w ith w hich the M -m ode w as recorded

Fig. 1.3 Pleura in pneum othorax.



Fig. 1.4 Linear and curved array transducer.

1.1.2 O ptim izing the U ltrasound Im age
N ew er generations of ultrasound m achines have num erous options for optim izing the im age,
som e of w hich are m entioned here; the designations som etim es vary depending on the
m anufacturer.

P enetration D epth
The penetration depth should be adjusted depending on the target structures. Increasing
penetration depth leads to attenuation of am plitude and thus to poorer im age quality. H igh
frequencies are subject to strong attenuation and therefore do not penetrate tissue as w ell; low
frequencies are attenuated to a lesser degree w hen penetrating tissue and are therefore better
suited for visualizing deeper structures.

₴ Frequency = ₴ Signal attenuation
₴ Signal attenuation = ₿ Penetration

Practical N ote

The higher the frequency, the higher the resolution! The highest possible frequency that still
results in a usable im age at the required penetration depth should alw ays be selected. The



target object should be approxim ately in m id-field w hen perform ing peripheral regional
nerve blocks.

F requency
The penetration depth is also relevant for the frequency.

N ote

H igh frequency = high resolution, lim ited penetration depth. Low  frequency = greater
penetration depth, poorer resolution.

 H igh frequency range (e.g., 8‌12 M H z). O ptim al for penetration depths of 3 to 4 cm ‍ for
exam ple, interscalene, supraclavicular, axillary, fem oral, peripheral nerve blocks of the upper
lim b.

 M edium  frequency range (e.g., 6‌10 M H z). O ptim al for penetration depths of 4 to 8 cm ‍
for exam ple, axillary, infraclavicular, fem oral nerves in obese patients, distal sciatic nerve
block.

 Low  frequency range (e.g., 2 ‌ 5 M H z). O ptim al for penetration depths of > 8 cm ‍ for
exam ple, proxim al sciatic nerve blocks, psoas block.

G ain (A m plification)
The gain function am plifies the signals returning to the device. The am plification determ ines
how  bright (hyperechoic) or dark (hypoechoic) the im age appears on the m onitor. A ll signals
received can be am plified equally over the entire field (overall gain). Too high overall gain
leads to overexposure of the im age and should be avoided.

N ote

A s a guide, the fluid in the vessels should appear black.

Using the ―slide controls‖ available in m ost ultrasound m achines (tim e gain com pensation,
TG C), the signals returning from  various depths can be am plified to different degrees. This
allow s increased am plification of the attenuated signals received from  deeper levels so a
hom ogeneous im age can be produced.

M odern ultrasound m achines generally have a feature for autom atic im age optim ization that
produces the best possible balance betw een the overall gain and depth com pensation settings.
In particular, this feature m akes it unnecessary to set the slide controls separately (they are all
set at the sam e level w hen autom atic im age optim ization is activated).



 Focus. The focus area should be set for the target structures, as the best im age quality is
achieved in the focus area. The num ber of foci can be varied.

N ote

The m ore foci, the poorer the im age quality.

C om pound Im aging
D epending on the m anufacturer, this technique is also know n as ―Cross B eam ,‖ ―M (ulti)View ,‖
―SonoM B,‖ and ―SonoCT.‖ Several tw o-dim ensional im ages taken sim ultaneously from
different angles (due to different beam  angles, linear phased array, see above) are
electronically com pounded to one im age for higher contrast resolution w ith sharper contours.
Scatter echoes, speckle noise, and m irror artifacts are reduced.

Fig. 1.5 Subcutaneous fat tissue.
a U ltrasound im age.
b D iagram .
1 D erm is
2 Subcutaneous tissue
3 M uscle tissue
4 A rtery



C aution

In com pound im aging, acoustic shadow s are (m ore or less) suppressed as w ell as artifacts.
The result m ay be that needles, catheters, or other structures that can be identified by the
acoustic shadow  they create becom e less visible.

T issue H arm onic Im aging (T H I)
A lso called tissue enhancem ent im aging (TEI), this m ethod is based on the fact that only those
signals that return to the transducer w ith a frequency tw ice as great as the signals transm itted
by the transducer (harm onic w aves) are used for im aging. These high-frequency signals are
generated by nonlinear propagation in tissue. This m ethod allow s im proved contrast and
spatial resolution (―low er noise‖ im ages). In particular, the artifacts that are caused by
superficial fatty tissue are elim inated, as the harm onic w aves are generated only w ith
increasing penetration of the tissue (not usually used in peripheral regional nerve blocks).

D ynam ic R ange (C om pression)
The dynam ic range regulates the conversion of echo intensities to gray tones, for w hich the
adjustable contrast range is enlarged. The dynam ic range is useful for optim izing the texture of
various anatom ical tissues. The contours w ith the highest am plitudes should appear w hite,
w hile the low est am plitudes, for exam ple blood, are still just visible.

B oth in m oving im ages, as film  and video, and in still im ages, the dynam ic range designates
the ratios of the largest and sm allest discernible brightness levels of noise and grain.

M any other functions are available from  various m anufacturers today. W hen the num erous
functions are used optim ally, an optim al im age for peripheral regional anesthesia can usually
be visualized.

M ost m achines have the option of saving the settings for various nerve blocks such as
frequency, penetration depth, anticipated focus area, etc. (preset), w hich speeds up the
procedure.

1.1.3 Structural Features in U ltrasound
Skin and Subcutaneous F at T issue
The skin (epiderm is and derm is) is approxim ately 1 to 4 m m  thick and can be readily
differentiated as a narrow  strip. Subcutaneous fat is hypoechoic w ith septa that are m ainly
parallel to the surface (  Fig. 1.5).

A  subcutaneous edem a has a ―riverbed-like‖ structure (  Fig. 1.6).

 Lym ph nodes. Lym ph nodes have a hyperechoic center w ith a hypoechoic border. They can
often be visualized in the inguinal region (  Fig. 1.7).



Fig. 1.6 Subcutaneous edem a.
1 Subcutaneous tissue

Fig. 1.7 Lym ph nodes in the groin.
1 Lym ph node
2 A rtery
3 Vein



Fig. 1.8 Structure of a nerve (Source: Schúnke et al 2011).

P eripheral N erves
Peripheral nerves consist of nerve fibers (axons) that are covered by a m yelin sheath and are
em bedded in delicate layer of connective tissue, the endoneurium . Several nerve fibers are
bundled together to form  a fascicle surrounded by the perineurium . Several fascicles and
connective tissue together form  a peripheral nerve and are surrounded by the epineurium  (
Fig. 1.8).

C entrally located parts of the nerve fiber on the upper lim b (nerve roots, trunks, and fascicle
proxim al to the clavicles) have a low er percentage of (hyperechoic) connective tissue than the
infraclavicular nerve segm ents and therefore appear ―m onofascicular‖ or ―oligofascicular‖ in
the ultrasound im age, that is, w ith a uniform ly hypoechoic cross-section (dark round structures;
 Fig. 1.9, see also C hapter 3.2.3). D istal to the clavicles, the percentage of connective tissue

increases in relation to the neurogenic part, leading to the characteristic ―honeycom b‖ pattern
in the cross-section of nerves located further peripheral in the upper lim bs (M oayeri et al
2008). The fascicles (or rather several bundles of fascicles) appear as hypoechoic (dark),
round structures w ithin the hyperechoic connective tissue (  Fig. 1.10).



Fig. 1.9 R oots C 6 and C 7: hypoechoic structure, centrally located nerve (left: anatom ical cross section; right: ultrasound
im age.



Fig. 1.10 N erves in the infraclavicular area (top: anatom ical cross-section; bottom : ultrasound im age).



Fig. 1.11 D istal sciatic nerve: hyperechoic structure of further distal segm ents of the nerve (left: anatom ical cross-section;
right: ultrasound im age).

The nerves in the low er lim bs that can be visualized by ultrasound appear hyperechoic due
to the relatively high percentage of connective tissue (  Fig. 1.11; M oayeri et al 2010).

For novices, the m edian nerve in the forearm  is the ideal object for visualizing this nerve
structure in an ultrasound im age (  Fig. 1.12).

Tendons
It is not alw ays easy to differentiate betw een tendons and nerves. Tendons do not have the
typical ―honeycom b‖ structure. N erves can be best identified by follow ing the course. Tendons
have stronger anisotropy (see below ) than nerves (  Fig. 1.13).

Vessels
Vessels can be readily visualized in an ultrasound im age and are often used as orientation.
They are hypoechoic (i.e., dark) in the ultrasound im age (  Fig. 1.14).
‛ Veins can be com pressed by applying pressure.
‛ A rteries pulsate (this is especially visible w hen the artery is com pressed.
‛ N erves m ove in response to probe com pression and do not pulsate (  Fig. 1.14).

D oppler M ethods
If there is any uncertainty in identifying vessels, the D oppler function can be used. O ne-
dim ensional m ethods (pulsed w ave D oppler, continuous w ave D oppler) are distinguished from
tw o-dim ensional, color-coded m ethods (color D oppler). The D oppler m ethod is based on the
fact that sound w aves sent from  a stationary transm itter change frequency w hen they m eet a
m oving reflector. The velocity of the m oving object (usually red blood cells) can be calculated
from  the change in frequency of the reflected w ave com pared w ith the transm itted w ave, w hich
is also detected by the transducer acting as receiver in order to determ ine blood flow  velocity.



Fig. 1.12 Typical structure of a peripheral nerve using the exam ple of the m edian nerve.
1 Tendon
2 N erve (m edian nerve near the w rist)

 Pulsed W ave D oppler. In the pulsed w ave D oppler m ethod (PW  D oppler, ―pulsed‖
D oppler), short interm ittent ultrasonic pulses are transm itted and then received. A transducer
functions as both transm itter and receiver. This allow s the velocity to be m easured at a
selected location in a conventional ultrasound (B -m ode), that is, a point in the conventional
ultrasound can be determ ined w here the velocity is to be m easured. This is usually visualized
as a curve in a velocity‌tim e diagram  (  Fig. 1.16).

 C ontinuous W ave D oppler. In the continuous w ave D oppler m ethod (C W  D oppler), a
transm itter and a receiver in the transducer operate sim ultaneously and continuously, that is,
signals are constantly transm itted and received sim ultaneously. The disadvantage of this
m ethod is that the depth of the D oppler echo cannot be determ ined. H ow ever, unlike PW
D oppler, relatively high velocities can be registered. A s in PW  D oppler, visualization is in the
form  of a tim e‌velocity diagram . This m ethod is not generally used for regional anesthesia.



 C olor D oppler. In the color D oppler m ethod, the areas w here m ovem ent is registered are
visualized in a tw o-dim ensional area (a w indow  to be specified in a B -m ode im age) via
D oppler analyses pulsed to thousands of individual points. Conventionally, m ovem ents along
the beam  axis tow ard the transducer are displayed as red and m ovem ents in the opposite
direction (aw ay from  the transducer) are displayed as blue (B A RT: ―blue aw ay, red tow ard,‖ 
 Fig. 1.15).

Practical N ote

The visualization of flow  m ovem ents is w orst w hen the transducer is held perpendicular
(90®) to the flow  m ovem ent (e.g., to the cross-section of the vessel). The sound w aves
should thus alw ays be directed at an oblique angle to the flow  m ovem ent. To optim ize the
im age, color gain m ust be at an optim al setting. O ver-regulation results in the color
appearing not only in the vessel, but in the entire color w indow ! The pulse repetition
frequency (PRF) m ust be adjusted to the anticipated flow  velocity in the vessel. A rteries
can be distinguished from  veins based on color behavior and rhythm ic behavior (artery) or
m ore even m ovem ent (vein) of the signals received.

N ote

The D oppler function is at the expense of the rem aining im age quality and should therefore
be used only tem porarily to identify vessels.

Som e m achines have w hat is called pow er D oppler. This function allow s vessels to be
detected that can be visualized using norm al color D oppler only w ith difficulty, if at all. In
contrast to color D oppler, pow er D oppler is alm ost independent of the beam  angle. D ue to its
greater sensitivity, m ovem ent artifacts are m ore frequently displayed; the flow  direction cannot
be visualized.

The com bination of B -m ode and PW  D oppler is also know n as duplex sonography. In the
color duplex m ethod, the B -m ode is com bined w ith color D oppler and PW  D oppler (  Fig.
1.16).



Fig. 1.13 D ifferent anisotropic behavior of tendons and nerves. V isualization of the m edian nerve at the fold of the w rist
(short axis). 1 M edian nerve (short axis), * tendons
a Tendon and nerve can hardly be distinguished w ith a perpendicular beam .
b V isualization in ultrasound im age.
c W hen the beam  is at an angle to the structures (transducer tilted), the reflection disappears through the tendons, w hile that
of the nerves rem ains longer. This corresponds to the greater anisotropic behavior of nerves com pared w ith tendons (see also
anisotropic behavior in this chapter).
d U ltrasound im age.

P leura
The pleura is highly reflective. It thus appears as a light line in the ultrasound scan. C om et tail
reverberation artifacts (w hite streaks spreading dow nw ard) that m ove horizontally w ith
respiration are caused by sm all vessels in the visceral pleura. The pleural line is interrupted

by the osseous structures of the ribs (  Fig. 1.17). 



Pneum othorax can be diagnosed by the absence of the back and forth m ovem ent of these
artifacts. The M -m ode can be useful for better differentiation (see  Fig. 1.2 and  Fig. 1.3).

B ones
The sound w aves are reflected com pletely at the border to bones. This results in a bright line
w ith an acoustic shadow  behind it (see  Fig. 1.32).

A ir
A ir results in strong reflection of sound w aves and an acoustic shadow  (  Fig. 1.18).

Fig. 1.14 A xilla.
a A xillary scout view  im aging.
1 Veins
2 A rtery
A t the low er right is an identical section w ith color D oppler.
b D iagram .
c A xilla w ith com pression in the ultrasound im age.
1 Veins (due to com pression, visible only as a narrow  gap or no longer visible at all)
2 A rtery (pulsating in the m oving im age)



3 N erve (hypoechoic structure, not com pressible, not pulsating)
A t the low er right is an identical section w ith color D oppler w ithout com pression.
d D iagram .

N ote

A ir is the ―enem y‖ of ultrasound.

W hen perform ing nerve blocks, avoid injecting air, as it severely im pairs visibility.

1.2 U ltrasound-G uided N eedle A pproach
 Settings. In contrast to the conventions for diagnostic im aging that w ere adopted for

ultrasonography from  the interpretation of C T im ages, it is helpful to set up and position the
m onitor for needle insertion so the practitioner can view  the m onitor w ith the sides
corresponding to reality. For exam ple, for an interscalene nerve block, the m onitor should be
positioned next to the patient so it can be seen easily by the practitioner.

Practical N ote

The im age should be set so that the patient's left side is also at the left on the m onitor. Every
transducer has a m ark on the side that is displayed on the m onitor. ―Top/bottom ‖ can also
be adjusted to the actual circum stances.

For a distal sciatic nerve block, for exam ple, if the transducer is held against the thigh of a
supine patient from  posterior direction, the im age on the m onitor can be set so that the patient's
posterior side is displayed at the bottom  of the m onitor. This m akes it easier to position the
needle.



Fig. 1.15 C olor D oppler.
a R adial artery (red), transducer tilted against flow  direction.
1 R adial artery
b R adial artery (blue), transducer tilted tow ard flow  direction.



1 R adial artery

 C ontact of the transducer w ith skin. To ensure good contact betw een transducer and skin,
(sterile) ultrasound gel (or alcohol-based disinfectant if the transducer is protected w ith a
sleeve) can be used.

Practical N ote

A void direct contact of the transducer w ith alcohol-based disinfectants, as long-term
exposure can dam age the transducer.

For cleaning the transducer, use only disinfectants and cleaning solutions recom m ended by the
m anufacturer. For continuous procedures, there are sterile sheaths for covering the transducer
and cable (C IV-Flex Transducer C over [C IV C O ], Flexasoft U ltrasound C over [Udo H eisig
G m bH ],  Fig. 1.19.) It is im portant that there are no air bubbles betw een the transducer and
the sheath. For this reason, there m ust be gel betw een the transducer and the sheath.
A lternatively, an adhesive film  can be applied to the transducer, strictly avoiding air bubbles
(Flexasoft U ltrasound Cover, U do H eisig G m bH ).

 Single shot. For a single-shot block it is possible to cover the transducer w ith a sterile film
(e.g., Tegaderm ); in this case, no ultrasound gel is used betw een the film  and the transducer.
A lternatively, the transducer can be covered w ith a (sterile) one-w ay glove (gel is used
betw een the transducer and glove).

1.2.1 U ltrasound Techniques for N eedle Insertion
A ll ultrasound im ages are com bined w ith a position im age that indicates the exact position of
the transducer.

In-plane Technique (N eedle Insertion in the U ltrasound P lane)
The needle is inserted in the sam e plane as the ultrasound beam  (  Fig. 1.20). Transducer and
needle m ust alw ays be coordinated so that the entire needle can be visualized. The transducer
and/or the needle m ay have to be tilted or rotated slightly for this. The needle m ust not be at an
angle to the long axis of the transducer.



Fig. 1.16 C olor duplex ultrasound (PW  D oppler in conjunction w ith color D oppler in B -m ode) using the right carotid artery
(red in the color D oppler) as an exam ple. B lue: internal jugular vein; bottom : visualization of the PW  D oppler signal in the
tim e‌velocity graph; x-axis: sw eep speed (m m /s), y-axis: blood flow  velocity (cm  [m ]/s).

N ote

The steeper the needle insertion angle w ith respect to the transducer, the poorer the
visualization of the needle (  Fig. 1.21).

A  special surface design has been developed that m akes it possible to visualize needles in an
ultrasound im age even w hen the insertion angle is steep (Stim uplex D  Plus, B . B raun;
SonoPlex N eedle, Pajunk G m bH ;  Fig. 1.22 and  Fig. 1.23). U sing special softw are, new er
ultrasound m achines can also m ake ordinary needles, not fashioned w ith special processing,
visible at steeper angles (e.g., Sonosite).

O ut-of-P lane Technique
The needle is inserted perpendicular to the ultrasound beam . This m eans that it can be
visualized in the ultrasound im age only as a dot (  Fig. 1.24). It is not possible to determ ine
how  far the tip of the needle has already passed the transducer. Sm all rhythm ic m ovem ents
w hen advancing the needle (local tissue m ovem ent; M arhofer and Chan 2007; ―tissue
dancing‖) can provide indirect inform ation on the position of the tip of the needle.
Sim ultaneous use of a nerve stim ulator can interfere w ith this technique.



Fig. 1.17 Pleura.
a U ltrasound im age.
b D iagram .
1 Sternocleidom astoid m uscle
2 Phrenic nerve
3 A nterior scalene m uscle
4 Subclavian artery (w ith posterior acoustic enhancem ent)
5 B rachial plexus
6 Pleural cavity
7 R ib (w ith acoustic shadow )
8 C om et tail phenom enon



Fig. 1.18 A ir injection: a distal sciatic nerve block as an exam ple.
a Supine position, beam  from  posterior direction.
b D iagram .
1 A ir bubbles at the tip of the needle
2 Fluid containing air w ith sound attenuation behind it
3 Sciatic nerve
4 N eedle w ith lum en
5 Long head of the fem oral biceps m uscle



Fig. 1.19 Sterile sheath for the transducer.



Fig. 1.20 In-plane needle placem ent (note the reverberation artifact below  the needle).



Fig. 1.21 U ltrasound im age. In-plane needle insertion: If the angle is steep, visualization of the needle in the ultrasound is
m arkedly poorer. The arrow s indicate the position of the needle.



Fig. 1.22 Special ―Sono‖ needles are readily visible in plane in the last 2 cm  even w hen the insertion angle is steep (SonoPlex
N eedle; Pajunk G m bH ).

Fig. 1.23 SonoPlex N eedle (Pajunk G m bH ). N otches on the surface m ake the needle easily visible in the ultrasound even
w hen the insertion angle is steep.



Fig. 1.24 O ut-of-plane needle insertion. The needle can be visualized only as a dot (note the acoustic shadow  below  the
needle). Inform ation on the position of the tip of the needle can be obtained only by shifting the transducer (the w hite point
disappears at the tip of the needle). The black arrow  indicates the needle; the w hite arrow s m ark the acoustic shadow .

The repeated adm inistration of sm all quantities of fluid (―hydrolocation‖ technique) allow s
the location of the tip of the needle to be determ ined. A  local anesthetic or norm al saline
solution can be used for this.

If the nerve stim ulator is used sim ultaneously, glucose 5%  should be used, as both local
anesthetic and saline solution im pair the response to the nerve stim ulator (Tsui and K ropelin
2005).

N ote

The key to ultrasound interpretation is a m oving im age.

The tip of the needle should alw ays be follow ed by tilting and/or sliding the transducer. The
transducer is generally positioned perpendicular to the structures to be exam ined (visualization
in the short axis, see below ). The target object should be in the m iddle of the im age.

V isualization of the Target Structures



The desired structures can be visualized in the short axis (transducer at a right angle to the
object;  Fig. 1.25) or in the long axis (visualization of the target object in the longitudinal
axis;  Fig. 1.26).

N ote

Visualization in the short axis is usually used for peripheral regional nerve blocks.

The follow ing abbreviations are com m only used:
‛ SA X : short axis
‛ LA X : long axis
‛ O O P: out of plane
‛ IP: in plane

V isualization of N eural Structures
D epending on the surrounding tissue, peripheral nerve structures appear hypoechoic (darker
than the surroundings, e.g., interscalene nerve,  Fig. 1.27) or hyperechoic (brighter than
surroundings, e.g., sciatic nerve,  Fig. 1.28).

N ote

A  m oving im age is key to visualizing nerves in an ultrasound scan.



Fig. 1.25 V isualization of the m edian nerve in the short axis right cubital fossa (perpendicular to the object).
1 B rachial artery
2 M edian nerve
V  lateral



Fig. 1.26 V isualization of the m edian nerve in the cubital fossa in the long axis (parallel to the object).
1 M edian nerve (arrow s)
V  proxim al

It is im portant to direct the ultrasound beam  at the nerves at the correct angle. Just tilting the
transducer slightly can change the visualization entirely (anisotropy of nerves).

The anisotropic behavior of nerves som etim es m akes it difficult to visualize nerve and
needle optim ally at the sam e tim e.

N ote

Isotropic behavior: Visualization of the structure is independent of the angle of insonation.
A nisotropic behavior: Slight changes in the angle of insonation can m ake the structure
disappear entirely (see  Fig. 1.13).

 D istinguishing nerves from  tendons. Tendons have stronger anisotropy than nerves (see 
Fig. 1.13). The appearance of tendons changes w ith even very sm all changes in the angle
(approx. 2®); that of nerves w hen the angle of insonation is changed by about 10®. This

difference can be used to distinguish betw een nerves and tendons. 



W hen in doubt about w hether the target nerve really has been located, the structure m ust be
follow ed in proxim al and distal directions to ensure that it is possible to follow  it over a
longer distance. It is often useful to locate a neural structure w here it can be readily identified
and then follow  the nerve from  there to the desired injection site. For exam ple, the tw o
branches of the sciatic nerve (tibial nerve, com m on fibular nerve) are often easy to identify in
the popliteal fossa. From  there, the nerve can be follow ed proxim ally. The sam e applies to
m any other neural structures (e.g., interscalene block, radial nerve of the upper arm , m edian
nerve of the forearm ).

Fig. 1.27 H ypoechoic visualization (―black‖ structure) using the exam ple of the interscalene brachial plexus.
1 B rachial plexus (3 ―balls‖ in a row  correspond to the trunks).
a C linical setting.
b U nlabeled.
c Labeled.



Fig. 1.28 H yperechoic visualization (―w hite‖ structure) using the exam ple of the sciatic nerve.
1 Sciatic nerve (proxim al)

N ote

The follow ing m anipulations of the transducer m ay be useful for optim izing the
visualization of a peripheral nerve:
‛ Sliding (visualizing the nerve in the short axis and then follow ing it over a certain
distance)

‛ Tilting
‛ R otating
‛ C om pressing

C om pressing in particular often leads to im proved visualization of the neural structures.

Practical N ote

A  pragm atic approach to using ultrasound in regions in w hich the neural structures are
located in the im m ediate vicinity of an artery is to apply local anesthetic around the artery
(e.g., infraclavicular nerve block, axillary nerve block), w ithout needing to visualize the



nerves in detail. Vessels are generally easy to visualize (see above). W hen in doubt,
D oppler ultrasound can be used.

Spread of the L ocal A nesthetic
U ltrasound also provides im portant inform ation on the spread of the local anesthetic. W hen
using ultrasound, it should therefore alw ays be checked w hether the local anesthetic has spread
around the neural structures (halo or donut sign, e.g., sciatic nerve,  Fig. 1.29) or into the
target com partm ent (e.g., fem oral nerve, axillary plexus;  Fig. 1.30). If this is not the case
(e.g., fascia betw een the needle and tip of the needle), the position of the needle m ust be
corrected.

R isk Structures
In addition to visualizing the target region, ultrasound can also be used to avoid com plications
like puncturing a kidney w hen perform ing a psoas com partm ent block, or pleura in blocks near
the clavicles (  Fig. 1.31).

A rtifacts
Acoustic shadow s occur w hen the ultrasound w aves at interfaces are com pletely reflected or
absorbed (e.g., bone  Fig. 1.32, needle see  Fig. 1.24). A ir can also cause a distal acoustic
shadow !

 Posterior am plification. Posterior am plification (bright structures) occurs follow ing the
spread of fluids due to low er attenuation of sound w aves in the fluid com pared w ith tissue (
Fig. 1.33). In circular objects, the m arginal beam s can be reflected aw ay; the m arginal
structures are then m issing in the im age, causing lateral shadow ing.

N ote

A m plification behind vessels occasionally leads to m isinterpretations w hen identifying
nerve structures.

 R everberation artifacts (repeating echoes;  Fig. 1.34). These occur, for exam ple, w hen
a needle is inserted perpendicular to the ultrasound beam . (In the in-plane technique, the needle
is parallel to the linear array transducer. This allow s the best visualization of the needle.) The
needle is im aged several tim es in the region lying below  it. R everberation artifacts can also be
caused by strongly reflective structures of the body and occasionally result in
m isinterpretations.

 B ayonet artifacts. W hen a needle w hich is inserted in plane perpendicular to the ultrasound
beam  penetrates tw o tissues w ith slightly different conduction speeds (e.g., m uscle and fatty



tissue), the part of the needle in the m edium  w ith a slow er transm ission speed (fatty tissue)
appears to be further from  the transducer. The sound w aves reflected through fat arrive later
and appear to com e from  a greater distance, as the distance in the ultrasound is determ ined in
proportion to the tim e of an assum ed fixed conduction velocity in the hum an body (1540m /s).
This causes the needle to appear bent (  Fig. 1.35).

Fig. 1.29 D istal sciatic nerve surrounded by local anesthetic (halo or donut sign).
1 Sciatic nerve



Fig. 1.30 A xillary plexus block (perivascular technique).
a B efore injecting the local anesthetic.
1 Tip of the needle
b A fter injecting the local anesthetic.

Fig. 1.31 Infraclavicular region.
1 Subclavian vein
2 Subclavian artery
3 B rachial plexus
A rrow s: Pleura
V  C audal



Fig. 1.32 V isualization of the radial nerve at the m iddle of the upper arm ‍ note the acoustic shadow  (black) behind the bone.
1 R adial nerve
2 H um erus

L im itations of U ltrasound
Techniques using ultrasound for finding deep nerves are difficult to apply in obese patients. A
curved array transducer m ust be used for this purpose.

U ltrasound is especially suitable for novices for the follow ing nerve blocks:
‛ Interscalene block
‛ Fem oral nerve block
‛ A xillary nerve block
‛ D istal sciatic nerve block
‛ B locks of all m ore peripheral individual nerves (M ariano et al 2009)

1.3 U ltrasound for C ontinuous B lock Techniques
The technique for inserting a catheter is not fundam entally different from  that for a single-shot
block. Theoretical considerations m ake the out-of-plane technique appear to be m ore favorable
for catheter placem ent, as the catheter can be advanced along the longitudinal axis of the nerve,
m aking it easier to position. H ow ever, several articles also report on successful catheter
insertion using the in-plane technique, for exam ple, for the follow ing nerve blocks:



Fig. 1.33 Posterior am plification.
a (R elative) am plification behind a vessel (here, infraclavicular region).
b D iagram .
1 Subclavian artery



2 B rachial plexus
3 A m plification behind the vessel, acoustic shadow  at the edges
4 Subclavian vein
5 Pleura
V  C audal
‛ Fem oral nerve block (A veline et al 2010, N iazi et al 2009, W ang et al 2010)
‛ D istal sciatic nerve block (M ariano et al 2010)
‛ Supraclavicular nerve block (H eil et al 2010)
‛ Infraclavicular nerve block (M ariano et al 2009)
‛ Interscalene nerve block (M ariano et al 2010).

The catheter can som etim es be visualized, especially in the in-plane technique (  Fig. 1.36).
The catheter can then be positioned under ultrasound guidance.

Fig. 1.34 R everberation artifacts (occurrence of several echoes at equal distances) due to 1) lim ited contact betw een the
transducer and the m edium  (superficial), 2) the needle.

A nother m ethod of checking the correct position of the catheter is to apply fluid (local
anesthetic, glucose 5% , or norm al saline solution). To im prove visualization, it is
recom m ended that the fluid be shaken beforehand (D hir and G anapathy 2008).

Som e authors also use air (1m L) for better visualization of the position of the tip of the
catheter (H eil et al 2010).

A  new  catheter has been developed w ith a m etal knob and ―C ornerstone‖ reflectors on the
tip for better visualization by the ultrasound.



1.3.1 L earning U ltrasound-G uided N eedle Placem ent
Techniques
Various m ethods have been recom m ended for learning ultrasound-guided needle placem ent
(K essler et al 2007, Sites et al 2007a, 2007b, 2007c, Sites et al 2009).

The follow ing conditions m ust be m et:
‛ Exact anatom ical know ledge of the target region. C ourses are offered in various anatom y
institutes that enable you to get an overview  of the structures on donor bodies.

‛ Exact know ledge of the functions of the m achine.
‛ D istinguishing the different structures (nerves, m uscles, vessels, pleura, intestine, bones, etc.)
‛ Precise needle positioning under ultrasound guidance. It is im portant to coordinate the
transducer and tip of the needle so that the position of the tip is alw ays visible in the im age.
In the in-plane technique, the entire length of the needle in the ultrasound beam  m ust be
visible.

‛ These skills can be learned using a m odel. Training m odels are available for this (e.g., B lue
Phantom ); alternatively, a ―cornstarch cake‖ can be m ade (see text box below  for recipe, also
 Fig. 1.37), through w hich a R edon tube can be pulled for the target structure, for practicing

using the transducer and needle. Blocks of tofu or agar (A gar-A gar) can also be used as a
phantom  for learning ultrasound techniques.

‛ Exact know ledge of artifacts and problem s that can be expected (pitfalls: Sites et al 2007a,
2007b).

Fig. 1.35 B ayonet effect.
a B ayonet effect in a distal lateral sciatic nerve block.
b D iagram .



1 Seem ingly bent needle
2 Tibial nerve
3 C om m on peroneal (fibular) nerve
4 M uscle
N ote: The bottom  of the ultrasound im age is near the transducer. The needle appears to be bent anteriorly in the perineural
fat tissue.

Fig. 1.36 V isualization of a catheter.
a V isualization of a catheter in a lateral distal sciatic nerve block using an in-plane approach.
b D iagram .
1 Sciatic nerve
2 C atheter
3 Long head of the biceps fem oris m uscle



Fig. 1.37 ―C ornstarch cake‖ for learning ultrasound-guided needle placem ent.

T ips and Tricks

―C ornstarch cake‖ as a m odel for learning how  to position a needle under ultrasound
guidance:
1300m L w ater
78 g cornstarch
65 g gelatin
Stir cornstarch and gelatin separately in cold w ater. Then m ix first the cornstarch into hot
w ater, then add the gelatin, bring to the boil and stir vigorously!
Pour into a m old‍ allow  to cool‍ put a R edon tube through it (for the target structure)‍
finished!

1.3.2 H ow  to A pproach the N erve? Intraneurally,
E xtraneurally?
The use of ultrasound has led to the necessity of rethinking som e factors that w ere previously
assum ed to be true. For exam ple, the assum ption that an intraneural injection can be ruled out
for nerve blocks perform ed using nerve stim ulation for stim uli that do not go below  a certain
low er lim it (e.g., 0.5 m A , 0.1 m s) is probably not sustainable. There are an increasing num ber
of reports of accidental (R usson and B lanco 2007) or intentional (B igeleisen 2006) intraneural
injections that w ere detected or perform ed using ultrasound.



N ote

The goal of every ultrasound-guided nerve block should be not to dam age the perineurium ,
that is, to avoid an intrafascicular injection!

 L ocal anesthetic. The local anesthetic should be distributed in a circle around the nerve.
The tip of the needle should not be pointed directly at the nerve, but be located laterally (out-
of-plane technique, short axis) or above and/or below  the nerve (in-plane technique, short
axis). It is im portant to ensure that the spread of the local anesthetic around the nerve or in the
correct com partm ent is not obstructed by fascia. If this occurs, the position of the needle m ust
be corrected.

 N erve stim ulator. A  com bination w ith the nerve stim ulator is possible, but the practitioner
w ill soon abandon the practice of attem pting to reach a certain stim ulus level by correcting the
needle position and rely m ainly on the visualization in the ultrasound. The nerve stim ulator can
be useful if it is unclear w hether the structure found is actually the target nerve.

1.3.3 U ltrasound in A ny E vent‍ W hat is the Available
E vidence?
A ccording to current know ledge, ultrasound-guided nerve blocks do not ensure greater patient
safety in the sense of preventing com plications (N eal et al 2010).

C urrent data suggest a m oderate im provem ent in onset tim e and quality of ultrasound-guided
nerve blocks com pared w ith other techniques (evidence level 1b, recom m endation grade A ,
Liu et al 2010).

For the upper lim b, som e studies have found superiority w ith respect to the onset tim e and
success rate (Liu et al 2010, M cCartney et al 2010); for the low er lim b, only a few  studies
found advantages for nerve blocks regarding onset tim e and a better sensory success rate.
C orresponding studies for the low er lim b are available only for the fem oral nerve and distal
sciatic nerve block (popliteal sciatic nerve block; Liu et al 2010, Salinas 2010).

O verall, currently available data do not allow  ultrasound-guided nerve blocks to be
declared the gold standard. The previously used techniques, in particular blocks perform ed
w ith a nerve stim ulator, are still im portant in peripheral regional anesthesia.

T ips and Tricks

W ith the proper needle position, ultrasound-guided nerve block m akes it possible to w ork
w ith m uch less local anesthetic. A traum atic needles should also be used for ultrasound-
guided nerve blocks.
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2 G eneral O verview

2.1 A natom y
The brachial plexus is form ed by the anterior ram i of the C5‌C8 and T1 spinal nerves. The
brachial plexus also contains contributions from  C4 in over 60%  of people and from  T2 in
over 30%  (  Fig. 2.1).

 Trunks. The roots of the spinal nerves exit from  the spinal canal behind the vertebral artery
and cross the transverse process of the corresponding vertebra. They then join to form  three
trunks and run together tow ard the first rib.
‛ The upper trunk arises from  the union of the roots of C5/6, w here the suprascapular nerve
arises im m ediately as a lateral branch from  the upper trunk.

‛ The m iddle trunk is form ed by the root of C7.
‛ The low er trunk is form ed by the roots of C8/T1.

The trunks, w hich here lie on top of one another, pass through the interscalene groove
(posterior interscalene groove) betw een the scalenus anterior and scalenus m edius m uscles;
the subclavian artery is positioned in front of the low er trunk in the caudal area of the space
and thus also passes through the space.

 C ords. Just above the clavicles, each of the trunks splits into an anterior and a posterior
division. The three posterior divisions join to form  the posterior cord, the anterior divisions of
the upper and m iddle trunks form  the lateral cord, and the m edial cord is the continuation of the
anterior division of the low er trunk.

In the interscalene region, w e thus have the trunks and in the im m ediate supraclavicular and
infraclavicular regions initially still the trunks, then their branches, and then the cords.

The cords lie very close together in the infraclavicular region:
‛ The lateral cord is the m ost superficial (lateral to and in front of the subclavian artery).
‛ The posterior cord is a little deeper and in the im m ediate infraclavicular region slightly
lateral to the lateral fascicle!

‛ The m edial cord lies deep (behind the subclavian artery).

The subclavian artery and brachial plexus pass into the axillary cavity m edial to the coracoid
process (  Fig. 2.2,  Fig. 2.3,  Fig. 2.4,  Fig. 2.5).

H ere, the cords rotate by about 90® around the axillary artery, w ith the m edial cord passing
under the artery. It is now  positioned m edial to the artery and then gives off a m edial root that
unites w ith the lateral root of the lateral cord to form  the m edian nerve. The m edian nerve is
usually located lateral to the axillary artery. W hen the chords enter the axillary region, they are
actually located m edially, laterally, and posteriorly in accordance w ith their nam es.

 N erves. The ulnar nerve, the m edial cutaneous nerve of the arm  and the m edial nerve of the



forearm , and the m edial root of the m edian nerve arise from  the m edial cord. A fter the
m usculocutaneous nerve has arisen from  the lateral cord, it com bines w ith parts of the m edial
cord to form  the m edian nerve (  Fig. 2.6,  Fig. 2.7,  Fig. 2.8). The posterior cord divides
into the axillary nerve and radial nerve (see  Fig. 2.1 and  Fig. 2.5).

 Prevertebral fascia. From  its passage through the (posterior) interscalene groove as far as
the axillary region, the entire brachial plexus is surrounded by a firm  sheath of connective
tissue (  Fig. 2.9). This sheath, w hich encloses the anterior neck m uscles, is called the
prevertebral fascia. It continues in lateral and caudal direction and covers the trunks like a
cloth. The space below  it continues in caudal direction to the infraclavicular region, but in
m edial and cranial direction to the intervertebral foram en and in the broader sense to the
epidural space.

Fig. 2.1 A natom y of the brachial plexus.
a U pper trunk (anterior ram i of C 5 and C 6).
b M iddle trunk (anterior ram us of C 7).
c Low er trunk (anterior ram i of C 8 and T1).
d Lateral cord.
e Posterior cord.
f M edial cord.
1 Suprascapular nerve



2 M usculocutaneous nerve
3 A xillary nerve
4 R adial nerve
5 M edian nerve
6 U lnar nerve
7 M edial cutaneous nerve of forearm
8 M edial cutaneous nerve of arm
9 Intercostobrachial nerve I
10 Intercostal nerve I
11 Intercostal nerve II
12 Long thoracic nerve
A  and B : Sections in the infraclavicular and axillary region (note position of cords)

Fig. 2.2 A natom y of the brachial plexus.
1 U pper trunk
2 M iddle trunk
3 Low er trunk
4 Posterior cord
5 Lateral cord
6 M edial cord
7 Subclavian artery
8 Scalenus anterior



Fig. 2.3 A natom y of the brachial plexus.
1 Lateral cord
2 Low er trunk
3 M iddle trunk
4 U pper trunk
5 Phrenic nerve
6 Scalenus anterior
7 Subclavian artery



Fig. 2.4 A natom y of the brachial plexus.
1 U pper trunk
2 M iddle trunk
3 Sternocleidom astoid
4 Scalenus anterior
5 Subclavian vein
6 Subclavian artery
7 Posterior cord
8 Lateral cord



Fig. 2.5 A natom y of the brachial plexus.
1 R adial nerve
2 M edian nerve
3 M usculocutaneous nerve
4 Posterior cord
5 Lateral cord
6 Suprascapular nerve
7 U lnar nerve
8 M edial cutaneous nerve of forearm
9 M edial cord

A s w ell as the nerves, this sheath also contains the blood vessels (axillary artery and vein).
The subclavian artery passes w ith the brachial plexus through the (posterior) interscalene
groove, w hile the subclavian vein does not join them  until after they pass through the anterior
interscalene groove (betw een the sternocleidom astoid located in front and the scalenus
anterior positioned adjacent and to the rear). Variations in the branches of the subclavian artery
in the supraclavicular fossa m ay increase the incidence of vascular puncture or intravascular
injection of local anesthetic w hile perform ing the block (K ohli et al 2014).

N ote

There are connective-tissue septa inside this neurovascular sheath. H ow ever, in the
m ajority of people, these do not appear to im pede the steady spread of local anesthetic, so
that a com plete block of the brachial plexus is possible w ith a single injection, particularly
in the supraclavicular, infraclavicular, and also axillary regions.



Fig. 2.6 A natom y of the infraclavicular region.
1 U pper trunk
2 Sternocleidom astoid
3 Phrenic nerve
4 M iddle trunk
5 Subclavian artery
6 Subclavian vein
7 M edial cord
8 Lateral cord
9 Posterior cord



Fig. 2.7 B rachial plexus in the axillary region: anatom ical overview . N ote: tw o roots of the m edian nerve behind the brachial
artery.
1 Subclavian artery
2 Subclavian vein
3 M edial cord
4 Posterior cord
5 Lateral cord
6 A xillary nerve
7 M usculocutaneous nerve
8 C oracobrachialis
9 U lnar nerve
10 M edian nerve w ith its tw o roots
11 B rachial artery



Fig. 2.8 B rachial plexus in the axillary region: anatom ical overview .
1 U pper trunk
2 Phrenic nerve
3 M iddle trunk
4 Subclavius
5 Subclavian vein
6 Subclavian artery
7 Lateral cord
8 M edial cord
9 M edian nerve w ith its tw o roots



Fig. 2.9 N eurovascular connective-tissue sheath of the brachial plexus.

2.2 Im portant Topographical A natom ical R elations in the
R egion of the B rachial Plexus
 Phrenic nerve. The phrenic nerve runs on the belly of scalenus anterior enclosed in the

prevertebral fascia described above (see  Fig. 2.2,  Fig. 2.3, and  Fig. 2.10). If a response
to stim ulation of the phrenic nerve is produced during interscalene block (contraction of the
diaphragm ), the position of the needle tip m ust be corrected laterally and posteriorly. Phrenic
nerve paresis can be produced by the local anesthetic effect.

 R ecurrent laryngeal nerve. R ecurrent laryngeal nerve block w ith hoarseness occurs
occasionally (  Fig. 2.10), w hich is a sign of the block spreading m edial to the scalenus
anterior.

 C ervical and thoracocervical sym pathetic ganglia. These ganglia are in the im m ediate
vicinity of the brachial plexus (  Fig. 2.10 and  Fig. 2.11), but alw ays m edial to the
interscalene groove and in the sam e region as the recurrent laryngeal nerve. H orner syndrom e
(m iosis, ptosis, enophthalm os) can be triggered by the local anesthetic effect. It is argued that
bronchospasm  can be triggered in asthm atic patients by the sym patholytic effect, but this is not
undisputed.

 D om e of the pleura. The dom e of the pleura extends clearly above the body of the first rib,
but never above the neck of the first rib and is in the im m ediate vicinity of the structures
described here (  Fig. 2.11). The risk of pneum othorax m ust therefore be borne in m ind w ith
the corresponding techniques in the supraclavicular and infraclavicular space.



 Vertebral artery. The vertebral artery lies anterior to the exit of the spinal nerves through
the intervertebral foram ina (  Fig. 2.11). A fter arising from  the subclavian artery m edial to the
scalenus anterior, it runs in cranial direction and disappears in the transverse foram en of the
transverse process of the sixth cervical vertebra and continues w ith the transverse part (V 2
segm ent) in cranial direction.

C aution

If the needle is inserted in the w rong direction during interscalene block using the W innie
approach or in deep cervical plexus block, intravascular injection of the local anesthetic
can occur. O nly a few  m illiliters are sufficient to cause a seizure as the local anesthetic
reaches the brain directly through the artery.

 C ervical epidural and subarachnoid space. The vertebral artery can be accidentally
reached or punctured through the intervertebral foram ina. C ervical epidural or high spinal
anesthesia can occur. Perm anent cervical spinal cord injuries w ith tetraplegia have also been
described after interscalene plexus block, but only w hen this technique w as used under general
anesthesia.



Fig. 2.10 Topographical anatom y of the brachial plexus.
1 Scalenus m edius
2 Phrenic nerve
3 U pper trunk
4 M iddle trunk
5 Low er trunk
6 Scalenus anterior
7 Subclavian artery
8 R ecurrent laryngeal nerve
9 Stellate ganglion

2.3 M otor and Sensory Supply of the U pper L im b 
 Fig. 2.12 show s the different areas of sensory innervation of the skin.



The m otor responses (  Fig. 2.13) of the individual nerves are as follow s:
‛ Suprascapular nerve: abduction and external rotation of the shoulder (supraspinatus and
infraspinatus m uscles)

‛ M usculocutaneous nerve: elbow  flexion (biceps brachii m uscle)
‛ M edian nerve: palm ar flexion at the w rist, pronation of the forearm , flexion of the m iddle
phalanges of the fingers, flexion of the distal phalanges of D  II and D  III, flexion of the thum b

‛ Ulnar nerve: ulnar duction and flexion of the w rist, flexion of the proxim al phalanges of D
III‌V, adduction of the thum b

‛ R adial nerve: extension of the elbow  (triceps m uscle), extension (and radial abduction) of the
w rist, supination of the forearm  and hand, extension of the fingers

2.4 H istorical O verview ‍ U pper L im b
 Intraneural techniques. A fter the introduction of cocaine in 1884, H alsted injected the

diluted local anesthetic directly intraneurally in the sam e year, after surgical exposure of the
nerve roots of the brachial plexus. A lthough only 0.5m L of the diluted local anesthetic w as
needed for each nerve root, com plete anesthesia of the upper lim b w as achieved. The obvious
disadvantage of the m ethod w as that the exposure of the nerve roots involved a greater surgical
procedure than the planned operation itself. In a sim ilar m anner, C rile (1897) surgically
exposed the brachial plexus behind the sternocleidom astoid to apply the local anesthetic
intraneurally under visual control.

 Transcutaneous techniques. Transcutaneous techniques for brachial plexus block w ere first
described in 1911. H irschel reported on the axillary approach (H irschel 1911) and
K ulenkam pff on the supraclavicular approach for brachial plexus block (K ulenkam pff 1928).

A lthough the axillary approach w as associated w ith few er com plications than the
supraclavicular technique and num erous variations have been described, the axillary technique
w as not m ade popular until 1958 by Burnham  (1959). B urnham  w as the first to point out the
firm  connective-tissue sheath around vessels and nerves, to identify the correct needle position
for perform ing an axillary plexus block. H e spoke of a characteristic ―click‖ w hen the needle
penetrated the fascia. This m eant it w as no longer necessary to find and identify the nerves
w ith the help of paresthesia. B urnham  reported over 42 cases of com plete anesthesia of the
arm  using this technique, in w hich 8m L w as injected above and 8m L below  the artery.

D e Jong (1961), how ever, found based on anatom ical studies that a volum e of at least 40 to
50m L w as needed to achieve a sufficient block of all large nerves in the axillary region
supplying the arm . D e Jong also injected above and below  the axillary artery and
recom m ended inducing paresthesia to ensure the correct position of the needle.



Fig. 2.11 A natom y of the interscalene region.
1 Vertebral artery
2 Stellate ganglion
3 D om e of the pleura



Fig. 2.12 Sensory supply of the upper lim b.
1 Supraclavicular nerve
2 A xillary nerve (lateral cutaneous nerve of the arm )
3 Intercostobrachial nerve
4 M edial cutaneous nerve of arm
5 D orsal cutaneous nerve of forearm  (radial nerve)
6 M edial cutaneous nerve of forearm
7 Lateral cutaneous nerve of forearm  (m usculocutaneous nerve)
8 R adial nerve
9 U lnar nerve
10 M edian nerve



Fig. 2.13 M otor stim ulus response of the individual nerves of the upper lim b.
a R adial nerve
b M edian nerve
c U lnar nerve
d M usculocutaneous nerve

N ote

The sim plicity of this type of axillary plexus block m eant that there w ere no m ore obstacles
to its w ide dissem ination.

 Single-injection technique. Eriksson (1979) and W innie (W innie and C ollins 1964) w ere
the first to recom m end a single injection into the neurovascular sheath on the basis of the
anatom ical insight that a com m on neurovascular sheath is present.

D espite the apparent success of a single injection, the discussion of a single neurovascular
sheath that allow s the local anesthetic to spread unhindered persists up to the present. This is
due prim arily to the failure rate of approxim ately 5 to 20%  that w e find in nearly all techniques
for axillary plexus anesthesia.

Thom pson and Rorie (1983) concluded based on anatom ical studies that there is septation
w ithin the axillary neurovascular sheath that prevents the even spread of the local anesthetic,
thus m aking the single-injection technique illogical and w orthless.

H ow ever, this is in com plete contradiction to the success rates of 80 to 95%  for the single-
injection technique.

Partridge et al (1987) challenged the studies m ade by Thom son and R orie and concluded on
the basis of their ow n studies that septa do exist w ithin the neurovascular sheath, but they are
functionally incom plete and do not generally have an effect on the even spread of the local
anesthetic.



N ote

The single-injection technique has the advantage of being fast and easy to apply w ithout the
need to induce paresthesia, but its particular benefit is that the single-injection technique
form s the basis for continuous regional block.

 C ontinuous regional block. A s early as 1946, A nsbro described a technique in w hich the
needle w as stabilized in the supraclavicular region w ith a cork so that repeated injections
could be m ade (A nsbro 1946). H ow ever, this m ethod w as not proven to w ork as part of the
regular routine.

 M ulti-injection technique. This m ethod has again gained interest in recent years due to the
use of the nerve stim ulator and ultrasound. In 1994, D uprç described the ―bloc du plexus
brachial au canal hum eral‖ (D uprç 1994), w hich in English literature is incorrectly called the
―m idhum eral approach.‖ In fact, it is a technique that is conducted at the junction of the
proxim al and m iddle thirds of the upper arm .

N ote

M any variations of the m ulti-injection technique have been described. O ne advantage of the
techniques is based on the short onset tim e, but a continuous block is not possible.

 Percutaneous supraclavicular technique. In addition to the axillary block, there is hardly a
site along the brachial plexus w here a needle approach has not been described. The
percutaneous supraclavicular technique for brachial plexus block as described in 1911 by
K ulenkam pff is a single-injection technique. K ulenkam pff discovered that the nerves here also
lie close to each other, enclosed in a connective-tissue sheath. The technique rem ains to the
present day, but a m ajor disadvantage is the notto-be-underestim ated risk of pneum othorax
because the m edial, dorsal, and caudal puncture direction is directly above the clavicle tow ard
the first rib.

 Supraclavicular perivascular block. A lternatively, W innie and C ollins (1964) described the
supraclavicular perivascular block, w hich can also be used for a continuous block. B row n et
al (1993) show ed the supraclavicular technique (called ―plum b-bob technique‖) perpendicular
to the bed as an alternative. U sing this technique, A shley et al (1995) also succeeded in
conducting a continuous block by inserting a flexible catheter.

N ote

D ue to the increased use of ultrasound in regional anesthesia, the supraclavicular
techniques for brachial plexus block have regained significance in recent years. The use of
ultrasound requires m odifications of the originally described techniques, but continuous
m ethods are also possible.



 Infraclavicular plexus anesthesia. Infraclavicular plexus anesthesia w as first described by
B azy in 1917 (B azy 1917). In 1973, the infraclavicular m ethod w as again described by R aj
(R aj et al 1973), and m odified in 1977 by Sim s (Sim s 1977) and in 1981 by W hiffler (W hiffler
1981). The disadvantage of all variations w as that the anatom ical landm arks w ere defined only
very im precisely. H ow ever, there w as a notable tendency to prefer single injections to m ultiple
injections, to use thinner, less traum atic needles, and to use a nerve stim ulator.

In 1995, K ilka, G eiger, and M erkens from  Ulm  described an infraclavicular plexus
anesthesia as a ―vertical infraclavicular plexus block‖ (V IB ), featuring sim ple anatom ical
landm arks.

O riginally introduced as a single-injection technique, this technique can also be used as a
continuous m ethod. H ow ever, application under ultrasound requires m odifications of the
technique. The R aj technique m odified by B orgeat or the approach described by K laastad et al
(1999) allow s an infraclavicular brachial plexus block to be perform ed under ultrasound
guidance.

 Interscalene plexus block. The interscalene plexus block described in 1970 by W innie
(W innie 1970) is especially suited for procedures in the shoulders. W innie w as thus the first to
describe an interscalene single-injection approach.

The problem  w ith this approach is that the needle is directed tow ard risk structures
(vertebral artery, spinal canal, lungs, pleura). In this technique, the interscalene groove is
punctured at the level of the cricoid cartilage so that the needle is advanced perpendicular to
the skin tow ard the transverse process of C 6.

N ote

W innie already conceded that the perpendicular position of the needle to the nerve plexus
m akes it difficult to advance an indw elling catheter for continuous anesthesia.

H em pel et al (1981) describe a technique in w hich an indw elling catheter is advanced from  the
supraclavicular region along the interscalene groove tow ard the nerve roots‍ in a
―retrograde‖ direction. A  continuous interscalene block w as also possible using this m ethod.
The potential risk of puncturing the vertebral artery also rem ained here as a disadvantage of
this technique.

 A nterior interscalene technique. The anterior interscalene technique described by M eier et
al (1997) is considerably safer because of the lateral injection direction and also m akes it
possible to insert an indw elling catheter for a continuous block.

 Posterior interscalene technique. In addition to the anterior approach to the interscalene
brachial plexus, a posterior approach w as described as early as the start of the 20th century.
Pippa et al (1990) revived this technique. The posterior approach can also be used as a
continuous m ethod.



 Individual peripheral nerve blocks. Individual peripheral nerve blocks of the arm  and hand
can be conducted for com pleting incom plete brachial plexus blocks near the trunk using
technical aids (nerve stim ulator, ultrasound; B úttner and M eier 2011). W hile a block of an
already partially anesthetized arm  is associated w ith the potential risk of nerve dam age w ithout
the use of these aids, the nerve stim ulator or ultrasound indicate the correct position of the
needle, at least for the larger nerves carrying m otor fibers, even in a partially anesthetized arm .
The selective placem ent of peripheral catheters for specific postoperative pain therapy of
individual nerves is another developm ent based on this technique.

 Suprascapular nerve block. The blockade of the suprascapular nerve w as used by Bonica
back in 1958 for the treatm ent of shoulder pain (B onica 1958). M eier et al have described a
continuous technique for this as w ell (M eier et al 2002) that, depending on the indication, can
be considered to be an alternative to the interscalene plexus block.

R eferences
A nsbro FP. A  m ethod of continuous brachial plexus block. A m  J Surg 1946; 71: 716‌722
A shley S, W ood L, A ntoine LJM , W ooten D . A  com parison of single shot versus continuous supraclavicular nerve block using

the ―plum b bob‖ approach. R eg A nesth Pain M ed 1995; 20: 133(abstract)
B azy. L. L'anesthesie du plexus brachial. In: Pauchet V, Sourdat P, Labourç J, eds. L'A nesthesie R egionale. Paris: D oin; 1917:

222‌225
B onica JJ. D iagnostic and therapeutic blocks, a reappraisal based on 15 years‒ experience. A nesth A nalg 1958; 37: 58‌68
B row n D L, C ahill D R , B ridenbaugh LD . Supraclavicular nerve block: anatom ic analysis of a m ethod to prevent pneum othorax.

A nesth A nalg 1993; 76: 530‌534
B úttner J, M eier G . M em orix A IN S‍ Periphere R egionalanâsthesie. Stuttgart: Thiem e; 2011
B urnham  PJ. Sim ple regional nerve block for surgery of the hand and forearm . J A m  M ed A ssoc 1959; 169: 941‌943
C rile G W . A nesthesia of nerve roots w ith cocaine. C leve M ed J 1897; 2: 355
D e Jong R H . A xillary block of the brachial plexus. A nesthesiology 1961; 22: 215‌225
D uprç LJ. B rachial plexus block through hum eral approach. [A rticle in French] C ah A nesthesiol 1994; 42: 767‌769
Eriksson E. Illustrated H andbook in Local A naesthesia. 2nd ed. C openhagen: Schultz; 1979: 82‌83
H em pel V, van Finck M , B aum gârtner E. A  longitudinal supraclavicular approach to the brachial plexus for the insertion of

plastic cannulas. A nesth A nalg 1981; 60: 352‌355
H irschel G  (1911) D ie A nâsthesierung des Plexus brachialis bei O perationen an der O beren Extrem itât. M únch M ed

W ochenschr 29:1555‌1556
K laastad O , Lilleãs FG , R ötnes JS, B reivik H , Fosse E. M agnetic resonance im aging dem onstrates lack of precision in needle

placem ent by the infraclavicular brachial plexus block described by R aj et al. A nesth A nalg 1999; 88: 593‌598
K ohli S, Y adav N , Prasad A , B anerjee SS. A natom ic variation of subclavian artery visualized on ultrasound-guided

supraclavicular brachial plexus block. C ase R ep M ed 2014; 2014: 394920
K ulenkam pff D . B rachial plexus anaesthesia. Its indications, technique, and dangers. A nn Surg 1928; 87: 883‌891
M eier G , B auereis C , M aurer H  et al. Interscalene brachial plexus catheter for anesthesia and postoperative pain therapy.

Experience w ith a m odified technique. [A rticle in G erm an] A naesthesist 1997; 46: 715‌719
M eier G , B auereis C , M aurer H . The m odified technique of continuous suprascapular nerve block. A  safe technique in the

treatm ent of shoulder pain. [A rticle in G erm an] A naesthesist 2002; 51: 747‌753
Partridge B L, K atz J, B enirschke K . Functional anatom y of the brachial plexus sheath: im plications for anesthesia.

A nesthesiology 1987; 66: 743‌747
Pippa P, C om inelli E, M arinelle C , A ito S. B rachial plexus block using the posterior approach. Eur J A naesthesiol 1990; 7: 411‌

420
R aj P, M ontgom ery SJ, N ettles D , Jenkins M T. Infraclavicular brachial plexus block‍ a new  approach. A nesth A nalg 1973; 52:

897‌904



Selander D . C atheter technique in axillary plexus block. Presentation of a new  m ethod. A cta A naesthesiol Scand 1977; 21:
324‌329

Sim s JK . A  m odification of landm arks for infraclavicular approach to brachial plexus block. A nesth A nalg 1977; 56: 554‌555
Thom pson G E, R orie D K . Functional anatom y of the brachial plexus sheaths. A nesthesiology 1983; 59: 117‌122
W hiffler K . C oracoid block‍ a safe and easy technique. B r J A naesth 1981; 53: 845‌848
W innie A P, C ollins V J. The subclavian perivascular technique of brachial plexus anesthesia. A nesthesiology 1964; 25: 353‌363
W innie A P. Interscalene brachial plexus block. A nesth A nalg 1970; 49: 455‌466



3 Interscalene Techniques of B rachial Plexus B lock

3.1 A natom y
The brachial plexus is form ed by the anterior ram i of spinal nerves C5‌C8 and T1, and it
som etim es receives contributions from  C4 and T2. The roots of the spinal nerves exit from  the
spinal canal behind the vertebral artery and cross the transverse process of the corresponding
vertebral body. They then com bine to form  three trunks and run together tow ard the m ost lateral
convexity of the body of the first rib (  Fig. 3.1).
‛ The upper trunk is form ed by the junction of the roots of C5/6, and the suprascapular nerve
arises im m ediately as a lateral branch from  the upper trunk.

‛ The m iddle trunk is form ed by root C7.
‛ The low er trunk is form ed by roots C8/T1.

The trunks, w hich here lie on top of one another, cross the (posterior) interscalene groove
betw een the scalenus anterior and scalenus m edius m uscles. Just above the clavicle, the trunks
each split into an anterior and a posterior division (  Fig. 3.2).
‛ The three posterior divisions unite to form  the posterior cord.
‛ The anterior divisions of the upper trunk and m iddle trunk form  the lateral cord.
‛ The m edial cord is the continuation of the anterior division of the low er trunk.



Fig. 3.1 A natom y of the brachial plexus.
1 Sternocleidom astoid
2 Scalenus m edius
3 U pper trunk
4 Phrenic nerve
5 M iddle trunk
6 Low er trunk
7 Subclavian artery
8 Posterior cord
9 Lateral cord

Fig. 3.2 A natom y of the brachial plexus.
1 Posterior cord
2 Suprascapular nerve
3 U pper trunk, posterior division
4 Scalenus m edius
5 U pper trunk
6 Lateral cord
7 Subclavian artery
8 U pper trunk, anterior division



Fig. 3.3 A natom y of the brachial plexus (neurovascular sheath).
1 Sternocleidom astoid
2 N eurovascular bundle under the prevertebral fascia
3 Transverse cervical artery
4 O m ohyoid m uscle w ith m iddle cervical fascia

In the interscalene region, w e thus first have the trunks, dividing in the im m ediate
supraclavicular and infraclavicular region, and then the cords.

The low er trunk lies deepest and can be reached by an interscalene block only w ith
difficulty (see  Fig. 3.1). A t the caudal end of the (posterior) interscalene groove just behind
and above the clavicle, the subclavian artery, generally located directly in front of the low er
trunk, passes w ith the brachial plexus through the interscalene groove, w hile the subclavian
vein joins them  only after they pass through the anterior interscalene groove. A nteriorly, the
posterior interscalene groove is crossed by the om ohyoid m uscle, w hich can usually be easily
palpated.

The phrenic nerve (C3‌C 5) runs on the belly of the anterior scalene m uscle, enclosed in the
prevertebral fascia covering the m uscle. The cervical and thoracocervical sym pathetic ganglia
and the recurrent laryngeal nerve are in the im m ediate vicinity of the brachial plexus, but
alw ays m edial to the interscalene grooves. The vertebral artery lies anterior to the exit of the
cervical spinal nerves through the intervertebral foram ina. The cervical epidural and
subarachnoid space can be reached or punctured accidentally through the intervertebral


