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Foreword

Compared to general anesthesia, regional anesthesia can provide anatomically selective
anesthesia with less interference with the patient's vital functions and a reduced need for
opiates. Using a continuous catheter technique, the regional block can be transformed into a
likewise selective analgesia with similar advantages for postoperative and other pain
management.

Regional anesthesia is sometimes considered an art; this art can, however, be learnt by any
interested anesthesiologist who has access to professional instructions and a good training
program. The most exclusive form of regional anesthesiais peripheral nerve blockade, and for
colleagues interested in practicing peripheral nerve and plexus blocks, this Atlas is an
excellent source of clear and instructive descriptions of most clinically relevant extremity
blocks. The art of peripheral nerve blockade is based on good anatomical understanding,
careful handling of needles, catheters and patients, and good knowledge of pharmacology of
local anesthetics. All these components are well presented inthis Atlas.

Today's technology offers advanced assistance in localizing the target nerve; however, the
use of electrostimulation or ultrasonography, for example, does not reduce the importance of
anatomical knowledge. In my opinion, a competent anesthetist should also be able to find most
peripheral nerves without this special equipment. And those readers who have carefully
studied this Atlas will certainly be able to do that!

Dag E. Selander’
Noésund, Orust, Sweden

' This foreword to the 2nd English Edition was written in 2007 by Dag Selander, who sadly passed away 4 July 2013. In memory
of this truly marvelous clinician, scientist, teacher, and above all human being, we decided to take over this foreword for the 3rd
Edition, especially since it has lost none of its relevance.
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Part 1

General Aspects of Ultrasound-Guided Peripheral
Regional Anesthesia

1 General Principles of Ultrasound-Guided Peripheral Nerve Blocks




1 General Principles of Ultrasound-Guided
Peripheral Nerve Blocks ®

1.1 Technical Requirements

1.1.1 Equipment

Portable, high-resol ution ultrasound machines with interchangeabl e transducers now consti tute
devices that are well suited for use in anesthesiology and intensive medicine.

Types of Visualization

» B-mode (brightness mode). Every signal received from the transducer is displayed in a
certain gray tone depending on its amplitude (intensity). The B-mode is used only in
conjunction with the two-dimensional (2D) real-time mode. A two-dimensional image is made
from the numerous ultrasound waves transmitted and received (» Fig. 1.1). Depending on the
penetrati on depth and the type of probe used, just a few images or up to 200 images per second
can be visualized.

» M-mode (or TM-mode, timeg motion). An impulse is transmitted with a high pulse
repetition rate (1,000 5,000/s). The amplitudes of the signals received are displayed on the
vertical axis (one dimensional) in various gray tones; the horizontal axis is the time axis on
which the signal s received over time are displayed at short interval s according to frequency.

The M-mode has almost no rol e in ultrasound-guided regional anesthesia.

The M-mode can be helpful for diagnosing pneumothorax (see below). When the visceral
pleura glide normally along the parietal pleura, a homogeneous granular pattern can be
visualized below the pleura in M-moddg in contrast to the horizontal lines that can be seen
above the pleura in immobile tissue (» Fig. 1.2). If pneumothorax is present, the granular
pattern below the pleurais 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 multi-frequency transducer (e.g., 4.0 16 MHz), with the option of varying the
frequency depending on the penetration depth required, is generally used. A specia form of
hi gh-frequency linear probe known as a hockey stick linear array transducer is shaped so that it



can be used in small anatomical situations. Modern multi-frequency linear broadband
transducers use an electronic phased array technique, allowing the beam to be directed at
various angles (sector scanning by electronic pan both in the transmission and the receptor
field).

» Curved array transducer. The curved array transducer (2.0 6.0 MHZ) is used for blocks of
deeper nerves.

The higher the frequency, the better the resolutiorf but the lower the penetration depth.

Fig. 1.1 Visualization of the elbow in B-mode (2D real-time mode).

1 Brachial artery
2 Median nerve
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Fig. 1.2 Intact pleura in M-mode. a Small image at top: Pleura in B-mode indicating the ultrasound beam in which the M-
mode was recorded.




b Intact pleura in M-mode labeled.
1 Pleura
2 Ultrasound beam with which the M-mode was recorded
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Fig. 1.3 Pleura in pneumothorax.



Fig. 1.4 Linear and curved array transducer.

1.1.2 Optimizing the Ultrasound Image

Newer generations of ultrasound machines have numerous options for optimizing the image,
some of which are mentioned here; the designations sometimes vary depending on the
manufacturer.

Penetration Depth

The penetration depth should be adjusted depending on the target structures. Increasing
penetration depth leads to attenuation of amplitude and thus to poorer image quality. High
frequencies are subject to strong attenuation and therefore do not penetrate tissue as well; low
frequencies are attenuated to a lesser degree when penetrating tissue and are therefore better
suited for visualizing deeper structures.

& Frequency = & Signal attenuation

2 Signal attenuation = BPenetration

The higher the frequency, the higher the resol ution! The highest possible frequency that still
results in a usable image at the required penetration depth should always be selected. The



target object should be approximately in mid-field when performing peripheral regional
nerve blocks.

Frequency
The penetration depthis also relevant for the frequency.

High frequency = high resolution, limited penetration depth. Low frequency = greater
penetrati on depth, poorer resol ution.

» High frequency range (e.g., 8 12 MHz). Optimal for penetration depths of 3to 4 cnj for
example, interscalene, supraclavicular, axillary, femoral, peripheral nerve blocks of the upper
limb.

» Medium frequency range (e.g., § 10 MHz). Optimal for penetration depths of 4 to 8 cni
for example, axillary, infraclavicular, femoral nerves in obese patients, distal sciatic nerve
bl ock.

» Low frequency range (e.g., 2| 5 MHZz). Optimal for penetration depths of > 8 cnj for
exampl e, proximal sciatic nerve blocks, psoas bl ock.

Gain (Amplification)

The gain function amplifies the signals returning to the device. The amplification determines
how bright (hyperechoic) or dark (hypoechoic) the image appears on the monitor. All signals
received can be amplified equally over the entire field (overall gain). Too high overall gain
|eads to overexposure of the image and should be avoided.

Asaquide, the fluid in the vessel s should appear black.

Using the —slide controlsll available in most ultrasound machines (time gain compensation,
TGC), the signals returning from various depths can be amplified to different degrees. This
allows increased amplification of the attenuated signals received from deeper levels so a
homogeneous i mage can be produced.

Modern ultrasound machines generally have a feature for automatic image optimization that
produces the best possible bal ance between the overall gain and depth compensation settings.
In particular, this feature makes it unnecessary to set the slide controls separately (they are all
set at the same level when automati c image optimization i s activated).



» Focus. The focus area should be set for the target structures, as the best image quality is
achieved inthe focus area. The number of foci can be varied.

The more foci, the poorer the image quality.

Compound Imaging

Depending on the manufacturer, this technique is a so known as —€ross Beam, Il =M (ulti)View,ll
-SonoMB,II and —SonoCT.ll Several two-dimensional images taken simultaneously from
different angles (due to different beam angles, linear phased array, see above) are
el ectronically compounded to one image for higher contrast resol ution with sharper contours.
Scatter echoes, speckle noise, and mirror artifacts are reduced.

Fig. 1.5 Subcutaneous fat tissue.

a Ultrasound image.

b Diagram.

1 Dermis

2 Subcutaneous tissue
3 Muscle tissue

4 Artery



In compound i maging, acoustic shadows are (more or less) suppressed as well as artifacts.
The result may be that needles, catheters, or other structures that can be identified by the
acousti c shadow they create become less visible.

Tissue Harmonic Imaging (THI)

Also called tissue enhancement imaging (TEI), this method is based on the fact that only those
signals that return to the transducer with a frequency twice as great as the signals transmitted
by the transducer (harmonic waves) are used for imaging. These high-frequency signals are
generated by nonlinear propagation in tissue. This method allows improved contrast and
gpatial resolution (—tower noisell images). In particular, the artifacts that are caused by
superficial fatty tissue are elimnated, as the harmonic waves are generated only with
increasi ng penetrati on of the tissue (not usually used in peripheral regional nerve blocks).

Dynamic Range (Compression)

The dynamic range regulates the cornversion of echo intensities to gray tones, for which the
adjustable contrast range is enlarged. The dynamic range is useful for optimiz ng the texture of
various anatomical tissues. The contours with the highest amplitudes should appear white,
while the lowest amplitudes, for example blood, are still just visible.

Both in moving images, as film and video, and in still images, the dynamic range desi gnates
the ratios of the largest and smallest discernible brightness level s of noise and grain.

Many other functions are available from various manufacturers today. When the numerous
functions are used optimally, an optimal image for peripheral regional anesthesia can usually
be visualized.

Most machines have the option of saving the settings for various nerve blocks such as
frequency, penetration depth, anticipated focus area, etc. (preset), which speeds up the
procedure.

1.1.3 Structural Featuresin Ultrasound

Skin and Subcutaneous Fat Tissue

The skin (epidermis and dermis) is approximately 1 to 4 mm thick and can be readily
differentiated as a narrow strip. Subcutaneous fat is hypoechoic with septa that are mainly
parallel to the surface (» Fig. 1.5).

A subcutaneous edema has a —+verbed-likell structure (» Fig. 1.6).

» Lymph nodes. Lymph nodes have a hyperechoic center with a hypoechoic border. They can
often be visualized inthe inguinal region (» Fig. 1.7).
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Fig. 1.6 Subcutaneous edema.
1 Subcutaneous tissue

Fig. 1.7 Lymph nodes in the groin.
1 Lymph node

2 Artery

3 Vein
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Fig. 1.8 Structure of a nerve (Source: Schunke et al 2011).

Peripheral Nerves

Peripheral nerves consist of nerve fibers (axons) that are covered by a myelin sheath and are
embedded 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).

Centrally located parts of the nerve fiber on the upper limb (nerve roots, trunks, and fascicle
proximal to the clavicles) have alower percentage of (hyperechoic) connective tissue than the
infraclavicular nerve segments and therefore appear —onofascicularll or —eligofascicularll in
the ultrasound image, that is, with a uniformly hypoechoic cross-section (dark round structures;
» Fig. 1.9, see also Chapter 3.2.3). Distal to the clavicles, the percentage of connective tissue
increases in relation to the neurogenic part, leading to the characteristic —honeycombll pattern
in the cross-section of nerves located further peripheral in the upper limbs (Moayeri et d
2008). The fascicles (or rather several bundles of fascicles) appear as hypoechoic (dark),
round structures within the hyperechoic connective tissue (» Fig. 1.10).



Fig. 1.9 Roots C6 and C7: hypoechoic structure, centrally located nerve (left: anatomical cross section; right: ultrasound
image.



Fig. 1.10 Nerves in the infraclavicular area (top: anatomical cross-section; bottom: ultrasound image).




Fig. 1.11 Distal sciatic nerve: hyperechoic structure of further distal segments of the nerve (left: anatomical cross-section;
right: ultrasound image).

The nerves in the lower limbs that can be visualized by ultrasound appear hyperechoic due
to the rel atively high percentage of connective tissue (» Fig. 1.11; Moayeri et al 2010).

For novices, the median nerve in the forearm is the ideal object for visualizing this nerve
structure in an ultrasound image (» Fig. 1.12).

Tendons

It is not always easy to differentiate between tendons and nerves. Tendons do not have the
typical —roneycombll structure. Nerves can be best identified by foll owing the course. Tendons
have stronger ani sotropy (see below) than nerves (» Fig. 1.13).

Vessels

Vessels can be readily visualized in an ultrasound image and are often used as orientation.
They are hypoechoaic (i.e., dark) inthe ultrasound image (» Fig. 1.14).

* Veins can be compressed by applying pressure.

* Arteries pulsate (thisis especially visible when the artery is compressed.

* Nerves move in response to probe compression and do not pulsate (» Fig. 1.14).

Doppler M ethods

If there is any uncertainty in identifying vessels, the Doppler function can be used. One-
dimensional methods (pul sed wave Doppl er, continuous wave Doppler) are distingui shed from
two-dimensional, color-coded methods (color Doppler). The Doppler method is based on the
fact that sound waves sent from a stationary transmitter change frequency when they meet a
moving reflector. The velocity of the moving object (usually red blood cells) can be cal cul ated
from the change in frequency of the reflected wave compared with the transmitted wave, which
is also detected by the transducer acting as receiver inorder to determine blood flow velocity.



Fig. 1.12 Typical structure of a peripheral nerve using the example of the median nerve.

1 Tendon
2 Nerve (median nerve near the wrist)

» Pulsed Wave Doppler. In the pulsed wave Doppler method (PW Doppler, —pulsedll
Doppler), short intermittent ultrasonic pulses are transmitted and then received. A transducer
functions as both transmitter and receiver. This alows the velocity to be measured at a
selected location in a conventional ultrasound (B-mode), that is, a point in the conventional
ultrasound can be determined where the velocity is to be measured. This is usually visualized
asacurveinavelocity timediagram (» Fig. 1.16).

» Continuous Wave Doppler. In the continuous wave Doppler method (CW Doppler), a
transmitter and a receiver in the transducer operate simultaneously and continuously, that is,
signals are constantly transmitted and received simultaneously. The disadvantage of this
method is that the depth of the Doppler echo cannot be determined. However, unlike PW
Doppler, relatively high velocities can be registered. Asin PW Doppler, visualizationis in the
formof atimg velocity diagram. This method is not generally used for regional anesthesia.



» Color Doppler. In the color Doppler method, the areas where movement is registered are
visualized in a two-dimensional area (a window to be specified in a B-mode image) via
Doppler analyses pulsed to thousands of individual points. Conventionally, movements along
the beam axis toward the transducer are displayed as red and movements in the opposite

direction (away from the transducer) are displayed as blue (BART: —blue away, red toward, |l
Fig. 1.15).

The visualization of flow movements is worst when the transducer is held perpendicul ar
(90® to the flow movement (e.g., to the cross-section of the vessel). The sound waves
should thus always be directed at an oblique angle to the flow movement. To optimize the
image, color gain must be at an optimal setting. Over-regulation results in the color
appearing not only in the vessel, but in the entire color window! The pulse repetition
frequency (PRF) must be adjusted to the anticipated flow velocity in the vessel. Arteries
can be distinguished from veins based on color behavior and rhythmic behavior (artery) or
more even movemernt (vein) of the signals received.

The Doppler function is at the expense of the remaining image quality and should therefore
be used only temporarily to identify vessels.

Some machines have what is called power Doppler. This function allows vessels to be
detected that can be visualized using normal color Doppler only with difficulty, if at all. In
contrast to color Doppler, power Doppler is almost independent of the beam angle. Due to its
greater sensitivity, movement artifacts are more frequently displayed; the flow direction cannot
be visualized.

The combination of B-mode and PW Doppler is aso known as duplex sonography. In the

color duplex method, the B-mode is combined with color Doppler and PW Doppler (» Fig.
1.16).



Fig. 1.13 Different anisotropic behavior of tendons and nerves. Visualization of the median nerve at the fold of the wrist
(short axis). 1 Median nerve (short axis), * tendons

a Tendon and nerve can hardly be distinguished with a perpendicular beam.

b Visualization in ultrasound image.

¢ When the beam is at an angle to the structures (transducer tilted), the reflection disappears through the tendons, while that
of the nerves remains longer. This corresponds to the greater anisotropic behavior of nerves compared with tendons (see also
anisotropic behavior in this chapter).

d Ultrasound image.

Pleura

The pleurais highly reflective. It thus appears as alight line in the ultrasound scan. Comet tail
reverberation artifacts (white streaks spreading downward) that move horizontally with
respiration are caused by small vessels in the visceral pleura. The pleural line is interrupted

by the osseous structures of theribs (» Fig. 1.17). »



Pneumothorax can be diagnosed by the absence of the back and forth movement of these
artifacts. The M-mode can be useful for better differentiation (see» Fig. 1.2 and » Fig. 1.3).

Bones

The sound waves are reflected completely at the border to bones. This results in a bright line
with an acoustic shadow behind it (see » Fig. 1.32).

Air
Air results in strong reflection of sound waves and an acoustic shadow (» Fig. 1.18).

Fig. 1.14 Axilla.
a Axillary scout view imaging.

1 Veins

2 Artery

At the lower right is an identical section with color Doppler.

b Diagram.

¢ Axilla with compression in the ultrasound image.

1 Veins (due to compression, visible only as a narrow gap or no longer visible at all)
2 Artery (pulsating in the moving image)



3 Nerve (hypoechoaic structure, not compressible, not pulsating)
At the lower right is an identical section with color Doppler without compression.
d Diagram.

Air is the —enemyll of ultrasound.
When performing nerve blocks, avoid injecting air, as it severely impairs visibility.

1.2 Ultrasound-Guided Needle Approach

» Settings. In contrast to the conventions for diagnostic imaging that were adopted for
ultrasonography from the interpretation of CT images, it is helpful to set up and position the
monitor for needle insertion so the practitioner can view the monitor with the sides
corresponding to reality. For example, for an interscalene nerve block, the monitor should be
positioned next to the patient so it can be seen easily by the practitioner.

The image should be set so that the patient's | eft side is al so at the | eft on the monitor. Every
transducer has a mark on the side that is displayed on the monitor. —Fop/bottomll can also
be adjusted to the actual circumstances.

For a distal sciatic nerve block, for example, if the transducer is held against the thigh of a
supine patient from posterior direction, the image on the monitor can be set so that the patient's
posterior side is displayed at the bottom of the monitor. This makes it easier to position the
needle.
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Fig. 1.15 Color Doppler.
a Radial artery (red), transducer tilted against flow direction.

1 Radial artery
b Radial artery (blue), transducer tilted toward flow direction.




1 Radial artery

» Contact of the transducer with skin. To ensure good contact between transducer and skin,
(sterile) ultrasound gel (or alcohol-based disinfectant if the transducer is protected with a
sleeve) can be used.

Avoid direct contact of the transducer with alcohol-based disinfectants, as long-term
exposure can damage the transducer.

For cleaning the transducer, use only disinfectants and cleaning sol utions recommended by the
manufacturer. For continuous procedures, there are sterile sheaths for covering the transducer
and cable (CIV-Flex Transducer Cover [CIVCQ], Flexasoft Ultrasound Cover [Udo Heisig
GmbH], » Fig. 1.19.) It is important that there are no air bubbles between the transducer and
the sheath. For this reason, there must be gel between the transducer and the sheath.
Alternatively, an adhesive film can be applied to the transducer, strictly avoiding air bubbles
(Flexasoft Ultrasound Cover, Udo Heisig GmbH).

» Single shot. For a single-shot block it is possible to cover the transducer with a sterile film
(e.g.,, Tegaderm); in this case, no ultrasound gel is used between the film and the transducer.
Alternatively, the transducer can be covered with a (sterile) one-way glove (gel is used
between the transducer and glove).

1.2.1 Ultrasound Techniques for NeedleInsertion

All ultrasound images are combined with a position image that indicates the exact position of
the transducer.

|n-plane Technique (Needle I nsertion in the Ultrasound Plane)

The needle is inserted in the same plane as the ultrasound beam (» Fig. 1.20). Transducer and
needle must always be coordinated so that the entire needle can be visualized. The transducer
and/or the needle may have to be tilted or rotated slightly for this. The needle must not be at an
angle to the long axis of the transducer.
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Fig. 1.16 CE)Ior duplex ultrasound (PW Doppler in conjunction with color Doppler in B-mode) using the right carotid artery
(red in the color Doppler) as an example. Blue: internal jugular vein; bottom: visualization of the PW Daoppler signal in the
timg velocity graph; x-axis: sweep speed (mnvs), y-axis: blood flow velocity (cm [m]/s).

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

A special surface design has been devel oped that makes it possible to visualize needles in an
ultrasound image even when the insertion angle is steep (Stimuplex D Plus, B. Braun;
SonoPlex Needle, Pajunk GmbH; » Fig. 1.22 and » Fig. 1.23). Using special software, newer
ultrasound machines can also make ordinary needles, not fashioned with special processing,
visible at steeper angles (e.g., Sonosite).

Out-of-Plane Technique

The needle is inserted perpendicular to the ultrasound beam. This means that it can be
visualized in the ultrasound image only as a dot (» Fig. 1.24). It is not possible to determine
how far the tip of the needle has already passed the transducer. Small rhythmic movements
when advancing the needle (local tissue movement; Marhofer and Chan 2007; —tssue
dancingll) can provide indirect information on the position of the tip of the needle
Simultaneous use of a nerve stimulator can interfere with this technique,



a

Fig. 1.17 Pleura.

a Ultrasound image.

b Diagram.

1 Sternocleidomastoid muscle

2 Phrenic nerve

3 Anterior scalene muscle

4 Subclavian artery (with posterior acoustic enhancement)
5 Brachial plexus

6 Pleural cavity

7 Rib (with acoustic shadow)

8 Comet tail phenomenon
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ventral

dorsal

Fig. 1.18 Air injection: a distal sciatic nerve block as an example.
a Supine position, beam from posterior direction.

b Diagram.

1 Air bubbles at the tip of the needle

2 Fluid containing air with sound attenuation behind it

3 Sciatic nerve

4 Needle with lumen

5 Long head of the femoral biceps muscle



Fig. 1.19 Sterile sheath for the transducer.
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Fig. 1.21 Ultrasound image. In-plane needle insertion: If the angle is steep, visualization of the needle in the ultrasound is
markedly poorer. The arrows indicate the position of the needle.



Fig. 1.23 SonoPlex Needle (Pajunk GmbH). Notches on the surface make the needle easily visible in the ultrasound even

when the insertion angle is steep.
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Fig. 1.24 Out-of-plane needle insertion. The needle can be visualized only as a dot (note the acoustic shadow below the
needle). Information on the position of the tip of the needle can be obtained only by shifting the transducer (the white point
disappears at the tip of the needle). The black arrow indicates the needle; the white arrows mark the acoustic shadow.

The repeated administration of small quantities of fluid (—Rydrolocationll technique) allows
the location of the tip of the needle to be determined. A local anesthetic or normal saline
sol ution can be used for this.

If the nerve stimulator is used simultaneously, glucose 5% should be used, as both local
anesthetic and saline solution impair the response to the nerve stimulator (Tsui and Kropelin
2005).

The key to ultrasound interpretation is a moving image.

The tip of the needle should always be followed by tilting and/or sliding the transducer. The
transducer is generally positioned perpendicul ar to the structures to be examined (visualization
in the short axis, see below). The target object should be in the middle of the image.

Visualization 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).

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

The following abbreviations are commonly used:
* SAX: short axis

* LAX: long axis

* OOP: out of plane

“IP: inplane

Visualization of Neural Structures

Depending 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).

A moving image is key to visualizing nerves in an ultrasound scan.



Fig. 1.25 Visualization of the median nerve in the short axis right cubital fossa (perpendicular to the object).

1 Brachial artery
2 Median nerve
V lateral



Fig. 1.26 Visualization of the median nerve in the cubital fossa in the long axis (parallel to the object).

1 Median nerve (arrows)
V proximal

It is important 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 sometimes makes it difficult to visualize nerve and
needle optimal ly at the same time.

Isotropic behavior: Visualization of the structure is independent of the angle of insonation.

Anisotropic behavior: Sight changes in the angle of insonation can make the structure
disappear entirely (see» Fig. 1.13).

» Distinguishing nerves from tendons. Tendons have stronger anisotropy than nerves (see
Fig. 1.13). The appearance of tendons changes with even very small changes in the angle
(approx. 2®; that of nerves when the angle of insonation is changed by about 10® This

difference can be used to disti ngui sh between nerves and tendons. >



When in doubt about whether the target nerve really has been located, the structure must be
followed in proximal 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 where it can be readily identified
and then follow the nerve from there to the desired injection site. For example, the two
branches of the sciatic nerve (tibial nerve, common fibular nerve) are often easy to identify in
the popliteal fossa. From there, the nerve can be followed proximally. The same applies to
many other neural structures (e.g., interscalene block, radial nerve of the upper arm, median
nerve of the forearm).

3 cm Xxv C
12-5-N PERS 4
MV 1

0:00:0B.03

Fig. 1.27 Hypoechoic visualization (-blackll structure) using the example of the interscalene brachial plexus.
1 Brachial plexus (3 -ballsll in a row correspond to the trunks).

a Clinical setting.

b Unlabeled.

C Labeled.



Fig. 1.28 Hyperechoic visualization (—whitell structure) using the example of the sciatic nerve.
1 Sciatic nerve (proximal)

The following manipulations of the transducer may be useful for optimizing the
visualization of a peripheral nerve:

* Sliding (visualizing the nerve in the short axis and then following it over a certain
di stance)

" Tilting

* Rotating

* Compressing

Compressing in particular often leads to improved visualization of the neural structures.

A pragmatic approach to using ultrasound in regions in which the neural structures are
located in the immediate vicinity of an artery is to apply local anesthetic around the artery,
(e.g., infraclavicular nerve block, axillary nerve block), without needing to visualize the



nerves in detail. Vessels are generally easy to visualize (see above). When in doubt,
Doppler ultrasound can be used.

Spread of the Local Anesthetic

Ultrasound also provides important information on the spread of the local anesthetic. When
using ultrasound, it should therefore always be checked whether the local anesthetic has spread
around the neural structures (halo or donut sign, e.g., sciatic nerve, » Fig. 1.29) or into the
target compartment (e.g., femoral nerve, axillary plexus; » Fig. 1.30). If this is not the case
(e.g., fascia between the needle and tip of the needle), the position of the needle must be
corrected.

Risk Structures

In addition to visualizing the target region, ultrasound can also be used to avoid complications
like puncturing a kidney when performing a psoas compartment block, or pleura in blocks near
the clavicles (» Fig. 1.31).

Artifacts

Acoustic shadows occur when the ultrasound waves at interfaces are completely reflected or
absorbed (e.g., bone » Fig. 1.32, needle see » Fig. 1.24). Air can also cause a distal acoustic
shadow!

» Posterior amplification. Posterior amplification (bright structures) occurs following the
spread of fluids due to lower attenuation of sound waves in the fluid compared with tissue (
Fig. 1.33). In circular objects, the marginal beams can be reflected away; the margina
structures are then missing in the image, causing lateral shadowing.

Amplification behind vessels occasionally leads to misinterpretations when identifying
nerve structures.

» Reverberation artifacts (repeating echoes; » Fig. 1.34). These occur, for example, when
aneedleisinserted perpendicular to the ultrasound beam. (In the in-plane technique, the needle
is parallel to the linear array transducer. This allows the best visualization of the needle.) The
needle is imaged several times inthe region lying below it. Reverberation artifacts can al so be
caused by strongly reflective structures of the body and occasionally result in
mi si nterpretati ons.

» Bayonet artifacts. When a needle whichisinserted in plane perpendicul ar to the ultrasound
beam penetrates two tissues with slightly different conduction speeds (e.g., muscle and fatty



tissue), the part of the needle in the medium with a slower transmission speed (fatty tissue)
appears to be further from the transducer. The sound waves reflected through fat arrive later
and appear to come from a greater distance, as the distance in the ultrasound is determined in
proportion to the time of an assumed fixed conduction velocity in the human body (1540nvs).
This causes the needle to appear bent (» Fig. 1.35).

—— =

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



31 MAR 2010 08:09

31 MAR 2010 QB:OB

Fig. 1.30 Axillary plexus block (perivascular technique).

a Before injecting the local anesthetic.
1 Tip of the needle
b After injecting the local anesthetic.

Fig. 1.31 Infraclavicular region.

1 Subclavian vein
2 Subclavian artery
3 Brachial plexus
Arrows: Pleura

V Caudal



Fig. 1.32 Visualization of the radial nerve at the middle of the upper arnf note the acoustic shadow (black) behind the bone.
1 Radial nerve
2 Humerus

Limitations of Ultrasound

Techniques using ultrasound for finding deep nerves are difficult to apply in obese patients. A
curved array transducer must be used for this purpose.

Ultrasound is especially suitable for novices for the following nerve blocks:
* Interscal ene block
* Femoral nerve block
* Axillary nerve block
* Distal sciatic nerve block
* Blocks of all more peripheral individual nerves (Mariano et al 2009)

1.3 Ultrasound for Continuous Block Techniques

The technique for inserting a catheter is not fundamentally different from that for a single-shot
block. Theoretical considerati ons make the out-of-pl ane technique appear to be more favorable
for catheter placement, as the catheter can be advanced al ong the longitudinal axis of the nerve,
making it easier to position. However, several articles also report on successful catheter
I nsertion usi ng the i n-plane technique, for example, for the following nerve blocks:
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Fig. 1.33 Posterior amplification.
a (Relative) amplification behind a vessel (here, infraclavicular region).

b Diagram.
1 Subclavian artery



2 Brachial plexus
3 Amplification behind the vessel, acoustic shadow at the edges
4 Subclavian vein

FHeeneral nerve block (Aveline et al 2010, Niazi et al 2009, Wang et al 2010)
&5 sci ati ¢ nerve block (Mariano et al 2010)

* Supraclavicular nerve block (Heil et al 2010)

" Infraclavicular nerve block (Mariano et al 2009)

" Interscalene nerve block (Mariano et al 2010).

The catheter can sometimes be visualized, especially in the in-plane technique (» Fig. 1.36).
The catheter can then be positioned under ultrasound gui dance.

.
' =

Fig. 1.34 Reverberation artifacts (occurrence of several echoes at equal distances) due to 1) limited contact between the
transducer and the medium (superficial), 2) the needle.

Another method of checking the correct position of the catheter is to apply fluid (local
anesthetic, glucose 5%, or normal saline solution). To improve visudlization, it is
recommended that the fluid be shaken beforehand (Dhir and Ganapathy 2008).

Some authors also use air (1mL) for better visualization of the position of the tip of the
catheter (Hell et a 2010).

A new catheter has been developed with a metal knob and —€ornerstonell reflectors on the
tip for better visualization by the ultrasound.



1.3.1 Learning Ultrasound-Guided Needle Placement
Techniques

Various methods have been recommended for learning ultrasound-guided needle placement
(Kessler et al 2007, Sites et al 2007a, 2007b, 2007c, Sites et a 2009).
The following conditions must be met:

' Exact anatomical knowledge of the target region. Courses are offered in various anatomy
| nsti tutes that enabl e you to get an overview of the structures on donor bodies.

* Exact knowledge of the functions of the machine.

* Distinguishing the different structures (nerves, muscles, vessels, pleura, intestine, bones, etc.)

* Precise needle positioning under ultrasound guidance. It is important to coordinate the
transducer and tip of the needle so that the position of the tip is always visible in the image.
In the in-plane technique, the entire length of the needle in the ultrasound beam must be
visible.

* These skills can be learned using a model. Training models are available for this (e.g., Blue
Phantom); alternatively, a—eornstarch cakell can be made (see text box below for recipe, also
» Fig. 1.37), through which a Redon tube can be pulled for the target structure, for practicing
using the transducer and needle. Blocks of tofu or agar (Agar-Agar) can also be used as a
phantom for |earning ultrasound techni ques.

* Exact knowledge of artifacts and problems that can be expected (pitfalls. Sites et al 20073,
2007D).

ventral

Fig. 1.35 Bayonet effect.

a Bayonet effect in a distal lateral sciatic nerve block.
b Diagram.



1 Seemingly bent needle

2 Tibial nerve

3 Common peroneal (fibular) nerve

4 Muscle

Note: The bottom of the ultrasound image is near the transducer. The needle appears to be bent anteriorly in the perineural

fat tissue.

ventral
lateral
3 \2
Dorsal
b (Subcutis)

Fig. 1.36 Visualization of a catheter.

a Visualization of a catheter in a lateral distal sciatic nerve block using an in-plane approach.
b Diagram.

1 Sciatic nerve

2 Catheter

3 Long head of the biceps femoris muscle



Fig. 1.37 —-€ornstarch cakell for learning ultrasound-guided needle placement.

—Ccornstarch cakell as a model for learning how to position a needle under ultrasound
guidance:

1300mL water

78 g cornstarch

65 ggelatin

Stir cornstarch and gelatin separately in cold water. Then mix first the cornstarch into hot
water, then add the gelatin, bring to the boil and stir vigorously!

Pour into a mold allow to coolf put a Redon tube through it (for the target structure)f
fini shed!

1.3.2 How to Approach the Nerve? Intraneurally,
Extraneurally?

The use of ultrasound has led to the necessity of rethinking some factors that were previously
assumed to be true. For example, the assumption that an intraneural injection can be ruled out
for nerve blocks performed using nerve stimulation for stimuli that do not go below a certain
lower limit (e.g., 0.5 MA, 0.1 ms) is probably not sustainable. There are an increasing number
of reports of accidental (Russon and Blanco 2007) or intentional (Bigel eisen 2006) intraneural
i njections that were detected or performed using ultrasound.



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

» Local 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 |aterally (out-
of-plane technique, short axis) or above and/or below the nerve (in-plane technique, short
axis). It isimportant to ensure that the spread of the local anesthetic around the nerve or inthe
correct compartment is not obstructed by fascia. If this occurs, the position of the needle must
be corrected.

» Nerve stimulator. A combination with the nerve stimulator is possible, but the practitioner
will soon abandon the practice of attempting to reach a certain stimulus level by correcting the
needl e position and rely mainly on the visualization in the ultrasound. The nerve stimulator can
be useful if itisunclear whether the structure found is actually the target nerve.

1.3.3 Ultrasound in Any Eventf What isthe Available
Evidence?

According to current knowledge, ultrasound-guided nerve blocks do not ensure greater patient
safety in the sense of preventing complications (Neal et al 2010).

Current data suggest a moderate i mprovement in onset time and quality of ultrasound-guided
nerve blocks compared with other techniques (evidence level 1b, recommendation grade A,
Liueta 2010).

For the upper limb, some studies have found superiority with respect to the onset time and
success rate (Liu et al 2010, McCartney et al 2010); for the lower limb, only a few studies
found advantages for nerve blocks regarding onset time and a better sensory success rate.
Corresponding studies for the lower limb are available only for the femora nerve and distal
sciatic nerve block (popliteal sciatic nerve block; Liu et al 2010, Salinas 2010).

Overall, currently available data do not allow ultrasound-guided nerve blocks to be
declared the gold standard. The previously used techniques, in particular blocks performed
with a nerve stimulator, are still important in peripheral regional anesthesia.

With the proper needle position, ultrasound-guided nerve block makes it possible to work
with much less local anesthetic. Atraumeatic needles should also be used for ultrasound-
guided nerve blocks.
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2 General Overview
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Wrist




2 General Overview

2.1 Anatomy

The brachia plexus is formed by the anterior rami of the C5 C8 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 toward the first rib.

* The upper trunk arises from the union of the roots of C5/6, where the suprascapular nerve
arises immediately as alateral branch from the upper trunk.

* The middle trunk is formed by the root of C7.

* The lower trunk is formed by the roots of C8/T1.

The trunks, which here lie on top of one another, pass through the interscalene groove
(posterior interscalene groove) between the scalenus anterior and scalenus medius muscles;
the subclavian artery is positioned in front of the lower trunk in the caudal area of the space
and thus al so passes through the space.

» Cords. 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 middl e trunks formthe lateral cord, and the medial cord is the continuation of the
anterior division of the lower trunk.

In the interscal ene region, we thus have the trunks and in the immediate supraclavicular and
infraclavicular regionsinitially still the trunks, then their branches, and then the cords.

The cords lie very close together in the infraclavicular region:
" The lateral cord isthe most superficial (lateral to and infront of the subclavian artery).
* The posterior cord is a little degper and in the immediate infraclavicular region slightly

|ateral to the lateral fasciclel

* The medial cord lies deep (behind the subclavian artery).

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

Here, the cords rotate by about 90®around the axillary artery, with the medial cord passing
under the artery. It is now positioned medial to the artery and then gives off a medial root that
unites with the lateral root of the lateral cord to form the median nerve. The median nerve is
usual ly located lateral to the axillary artery. When the chords enter the axillary region, they are
actually located medially, laterally, and posteriorly in accordance with their names.

» Nerves. The unar nerve, the medial cutaneous nerve of the arm and the medial nerve of the



forearm, and the medial root of the median nerve arise from the medial cord. After the
muscul ocutaneous nerve has arisen from the lateral cord, it combines with parts of the media
cord to form the median 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, which encloses the anterior neck muscles, 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
medial and crania direction to the intervertebral foramen and in the broader sense to the
epidural space.
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Fig. 2.1 Anatomy of the brachial plexus.

a Upper trunk (anterior rami of C5 and C6).
b Middle trunk (anterior ramus of C7).

¢ Lower trunk (anterior rami of C8 and T1).
d Lateral cord.

e Pasterior cord.

f Medial cord.

1 Suprascapular nerve



2 Musculocutaneous nerve

3 Axillary nerve

4 Radial nerve

5 Median nerve

6 Ulnar nerve

7 Medial cutaneous nerve of forearm
8 Medial cutaneous nerve of arm

9 Intercostobrachial nerve |

10 Intercostal nerve |

11 Intercostal nerve 11

12 Long thoracic nerve

A and B: Sections in the infraclavicular and axillary region (note position of cords)

Fig. 2.2 Anatomy of the brachial plexus.
1 Upper trunk

2 Middle trunk

3 Lower trunk

4 Posterior cord

5 Lateral cord

6 Medial cord

7 Subclavian artery

8 Scalenus anterior



Fig. 2.3 Anatomy of the brachial plexus.
1 Lateral cord

2 Lower trunk

3 Middle trunk

4 Upper trunk

5 Phrenic nerve

6 Scalenus anterior

7 Subclavian artery



Fig. 2.4 Anatomy of the brachial plexus.

1 Upper trunk

2 Middle trunk

3 Sternocleidomastoid
4 Scalenus anterior

5 Subclavian vein

6 Subclavian artery

7 Posterior cord

8 Lateral cord




Fig. 2.5 Anatomy of the brachial plexus.

1 Radial nerve

2 Median nerve

3 Musculocutaneous nerve

4 Posterior cord

5 Lateral cord

6 Suprascapular nerve

7 Ulnar nerve

8 Medial cutaneous nerve of forearm
9 Medial cord

Aswell as the nerves, this sheath also contains the blood vessels (axillary artery and vein).
The subclavian artery passes with the brachial plexus through the (posterior) interscalene
groove, while the subclavian vein does not join them until after they pass through the anterior
interscalene groove (between the sternocleidomastoid 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 may increase the incidence of vascular puncture or intravascul ar
injection of local anesthetic while performing the block (Kohli et al 2014).

There are connective-tissue septa inside this neurovascular sheath. However, in the
majority of people, these do not appear to impede the steady spread of local anesthetic, so
that a complete block of the brachial plexus is possible with a single injection, particularly
in the supraclavicular, infraclavicular, and also axillary regions.



Fig. 2.6 Anatomy of the infraclavicular region.

1 Upper trunk

2 Sternocleidomastoid
3 Phrenic nerve

4 Middle trunk

5 Subclavian artery

6 Subclavian vein

7 Medial cord

8 Lateral cord

9 Posterior cord
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Fig. 2.7 Brachial plexus in the axillary region: anatomical overview. Note: two roots of the median nerve behind the brachial
artery.

1 Subclavian artery

2 Subclavian vein

3 Medial cord

4 Posterior cord

5 Lateral cord

6 Axillary nerve

7 Musculocutaneous nerve

8 Coracaobrachialis

9 Ulnar nerve

10 Median nerve with its two roots

11 Brachial artery




Fig. 2.8 Brachial plexus in the axillary region: anatomical overview.

1 Upper trunk

2 Phrenic nerve

3 Middle trunk

4 Subclavius

5 Subclavian vein

6 Subclavian artery

7 Lateral cord

8 Medial cord

9 Median nerve with its two roots



Fig. 2.9 Neurovascular connective-tissue sheath of the brachial plexus.

2.2 Important Topographical Anatomical Relationsin the
Region of the Brachial 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 stimulation of the phrenic nerve is produced during interscalene block (contraction of the
diaphragm), the position of the needle tip must be corrected laterally and posteriorly. Phrenic
nerve paresis can be produced by the local anesthetic effect.

» Recurrent laryngeal nerve. Recurrent laryngeal nerve block with hoarseness occurs
occasionally (» Fig. 2.10), which is a sign of the block spreading medial to the scalenus
anterior.

» Cervical and thoracocervical sympathetic ganglia. These ganglia are in the immediate
vicinity of the brachial plexus (» Fig. 2.10 and » Fig 2.11), but aways medial to the
interscal ene groove and in the same region as the recurrent laryngeal nerve. Horner syndrome
(miosis, ptosis, enophthalmos) can be triggered by the local anesthetic effect. It is argued that
bronchospasm can be triggered in asthmatic patients by the sympathol ytic effect, but this is not
undi sputed.

» Dome of the pleura. The dome 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 immediate vicinity of the structures
described here (» Fig. 2.11). The risk of pneumothorax must therefore be borne in mind with
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 foramina (» Fig. 2.11). After arising from the subclavian artery medial to the
scalenus anterior, it runs in cranial direction and disappears in the transverse foramen of the
transverse process of the sixth cervical vertebra and continues with the transverse part (V,

segment) incranial direction.

If the needle is inserted in the wrong direction during interscal ene block using the Winnie
approach or in deep cervical plexus block, intravascular injection of the local anesthetic
can occur. Only a few milliliters are sufficient to cause a seizure as the local anesthetic

reaches the brain directly through the artery.

» Cervical epidural and subarachnoid space. The vertebral artery can be accidentally
reached or punctured through the intervertebral foramina. Cervical epidural or high spina
anesthesia can occur. Permanent cervical spinal cord injuries with tetraplegia have also been
described after interscal ene plexus block, but only when this technique was used under general

anesthesia.
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Fig. 2.10 Topographical anatomy of the brachial plexus.
1 Scalenus medius

2 Phrenic nerve

3 Upper trunk

4 Middle trunk

5 Lower trunk

6 Scalenus anterior

7 Subclavian artery

8 Recurrent laryngeal nerve

9 Stellate ganglion

2.3 Motor and Sensory Supply of the Upper Limb »

» Fig. 2.12 shows the different areas of sensory innervation of the skin.



The motor responses (» Fig. 2.13) of the individual nerves are as follows:

* Suprascapular nerve: abduction and external rotation of the shoulder (supraspinatus and
| nfraspi natus muscl es)

* Muscul ocutaneous nerve: elbow flexion (biceps brachii muscle)

* Median nerve: palmar flexion at the wrist, pronation of the forearm, flexion of the middle
phal anges of the fingers, flexion of the distal phalanges of D Il and D 1, flexion of the thumb

* Ulnar nerve: ulnar duction and flexion of the wrist, flexion of the proximal phalanges of D
IV, adduction of the thumb

* Radial nerve: extension of the elbow (triceps muscle), extension (and radial abduction) of the
wrist, supination of the forearm and hand, extension of the fingers

2.4 Historical Overvienf Upper Limb

» Intraneural techniques. After the introduction of cocaine in 1884, Halsted injected the
diluted local anesthetic directly intraneurally in the same year, after surgical exposure of the
nerve roots of the brachial plexus. Although only 0.5mL of the diluted local anesthetic was
needed for each nerve root, compl ete anesthesia of the upper limb was achieved. The obvious
disadvantage of the method was that the exposure of the nerve roots involved a greater surgical
procedure than the planned operation itself. In a similar manner, Crile (1897) surgically
exposed the brachial plexus behind the sternocleidomastoid to apply the local anesthetic
intraneurally under visual control.

» Transcutaneous techniques. Transcutaneous techniques for brachial plexus block were first
described in 1911. Hirschel reported on the axillary approach (Hirschel 1911) and
Kulenkampff on the supraclavicular approach for brachial plexus block (Kulenkampff 1928).

Although the axillary approach was associated with fewer complications than the
supraclavicular technique and numerous variations have been described, the axillary technique
was not made popular until 1958 by Burnham (1959). Burnham was the first to point out the
firm connective-ti ssue sheath around vessel s and nerves, to identify the correct needle position
for performing an axillary plexus block. He spoke of a characteristic —elickll when the needle
penetrated the fascia. This meant it was no longer necessary to find and identify the nerves
with the help of paresthesia. Burnham reported over 42 cases of complete anesthesia of the
arm using this technique, in which 8mL was injected above and 8mL below the artery.

De Jong (1961), however, found based on anatomical studies that a volume of at least 40 to
50mL was needed to achieve a sufficient block of all large nerves in the axillary region
supplying the arm. De Jong aso injected above and below the axillary artery and
recommended i nducing paresthesia to ensure the correct position of the needle.
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Fig. 2.12 Sensory supply of the upper limb.

1 Supraclavicular nerve

2 Axillary nerve (lateral cutaneous nerve of the arm)
3 Intercostobrachial nerve

4 Medial cutaneous nerve of arm

5 Dorsal cutaneous nerve of forearm (radial nerve)

6 Medial cutaneous nerve of forearm
7 Lateral cutaneous nerve of forearm (musculocutaneous nerve)

8 Radial nerve
9 Ulnar nerve
10 Median nerve
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Fig. 2.13 Motor stimulus response of the individual nerves of the upper limb.
a Radial nerve
b Median nerve
¢ Ulnar nerve

d Musculocutaneous nerve

The simplicity of this type of axillary plexus block meant that there were no more obstacles
to its wide di ssemination.

» Single-injection technique. Eriksson (1979) and Winnie (Winnie and Collins 1964) were
the first to recommend a single injection into the neurovascular sheath on the basis of the
anatomical insight that a common neurovascular sheath is present.

Despite the apparent success of a single injection, the discussion of a single neurovascul ar
sheath that allows the local anesthetic to spread unhindered persists up to the present. Thisis
due primarily to the failure rate of approximately 5 to 20% that we find in nearly all techniques
for axillary plexus anesthesia.

Thompson and Rorie (1983) concluded based on anatomical studies that there is septation
within the axillary neurovascular sheath that prevents the even spread of the local anesthetic,
thus making the single-injection techniqueillogical and worthless.

However, thisis in complete contradiction to the success rates of 80 to 95% for the single-
| njection technique.

Partridge et al (1987) challenged the studies made by Thomson and Rorie and concluded on
the basis of their own studies that septa do exist within the neurovascular sheath, but they are
functionally incomplete and do not generally have an effect on the even spread of the local
anesthetic.



The single-injection technique has the advantage of being fast and easy to apply without the
need to induce paresthesia, but its particular benefit is that the single-injection technique
forms the basis for continuous regional block.

» Continuous regional block. As early as 1946, Ansbro described a technique in which the
needle was stabilized in the supraclavicular region with a cork so that repeated injections
could be made (Ansbro 1946). However, this method was not proven to work as part of the
regular routine.

» Multi-injection technique. This method has again gained interest in recent years due to the
use of the nerve stimulator and ultrasound. In 1994, Dupr¢ described the —bloc du plexus
brachial au canal humeralll (Duprg 1994), which in English literature is incorrectly called the
—midhumeral approach.ll In fact, it is a technique that is conducted at the junction of the
proximal and middle thirds of the upper arm.

Many variations of the multi-injection technique have been described. One advantage of the
techniques i s based on the short onset time, but a continuous block is not possible.

» Percutaneous supraclavicular technigue. In addition to the axillary block, there is hardly a
site along the brachial plexus where a needle approach has not been described. The
percutaneous supraclavicular technique for brachial plexus block as described in 1911 by
Kulenkampff is a single-injection technique. Kulenkampff discovered that the nerves here aso
lie close to each other, enclosed in a connective-tissue sheath. The technique remains to the
present day, but a mgjor disadvantage is the notto-be-underestimated risk of pneumothorax
because the medial, dorsal, and caudal puncture directionis directly above the clavicle toward
thefirstrib.

» Supraclavicular perivascular block. Alternatively, Winnie and Collins (1964) described the
supraclavicular perivascular block, which can also be used for a continuous block. Brown et
al (1993) showed the supraclavicular technique (called —l umb-bob techniquell) perpendicular
to the bed as an alternative. Using this technique, Ashley et al (1995) also succeeded in
conducti ng a conti nuous bl ock by inserting a flexible catheter.

Due 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 modifications of the originally described techniques, but continuous
methods are al so possible.



» Infraclavicular plexus anesthesia. Infraclavicular plexus anesthesia was first described by
Bazy in 1917 (Bazy 1917). In 1973, the infraclavicular method was again described by Rgj
(Ra) et a 1973), and modified in 1977 by Sims (Sims 1977) and in 1981 by Whiffler (Whiffler
1981). The disadvantage of all variations was that the anatomical landmarks were defined only
very imprecisely. However, there was a notabl e tendency to prefer single injections to multiple
injections, to use thinner, | ess traumati ¢ needles, and to use a nerve stimul ator.

In 1995, Kilka, Geiger, and Merkens from Ulm described an infraclavicular plexus
anesthesia as a —vertical infraclavicular plexus blockll (VIB), featuring simple anatomical
landmarks.

Originally introduced as a single-injection technique, this technique can also be used as a
continuous method. However, application under ultrasound requires modifications of the
technique. The Rag] technique modified by Borgeat or the approach described by Klaastad et al
(1999) allows an infraclavicular brachial plexus block to be performed under ultrasound
gui dance.

» Interscalene plexus block. The interscalene plexus block described in 1970 by Winnie
(Winnie 1970) is especially suited for procedures in the shoulders. Winnie was thus the first to
describe an interscal ene single-injecti on approach.

The problem with this approach is that the needle is directed toward 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 toward the transverse process of C6.

Winnie already conceded that the perpendicular position of the needle to the nerve plexus
makes it difficult to advance an indwel ling catheter for conti nuous anesthesi a.

Hempel et al (1981) describe atechnique inwhich anindwelling catheter is advanced from the
supraclavicular region along the interscalene groove toward the nerve root§ in a
—etrogradell direction. A continuous interscalene block was also possible using this method.
The potential risk of puncturing the vertebral artery also remained here as a disadvantage of
this technique.

» Anterior interscalene technique. The anterior interscal ene technique described by Meier et
al (1997) is considerably safer because of the lateral injection direction and also makes it
possible to insert an indwel ling catheter for a continuous bl ock.

» Posterior interscalene technigue. In addition to the anterior approach to the interscalene
brachial plexus, a posterior approach was described as early as the start of the 20th century.
Pippa et a (1990) revived this technique. The posterior approach can also be used as a
conti nuous method.



» Individual peripheral nerve blocks. Individual peripheral nerve blocks of the arm and hand
can be conducted for completing incomplete brachial plexus blocks near the trunk using
technical aids (nerve stimulator, ultrasound; Buttner and Meier 2011). While a block of an
already partially anesthetized armis associated with the potential risk of nerve damage without
the use of these aids, the nerve stimulator or ultrasound indicate the correct position of the
needle, at |east for the larger nerves carrying motor fibers, evenin a partially anesthetized arm.
The selective placement of peripheral catheters for specific postoperative pain therapy of
individual nervesis another devel opment based on this technique.

» Suprascapular nerve block. The blockade of the suprascapular nerve was used by Bonica
back in 1958 for the treatment of shoulder pain (Bonica 1958). Meier et al have described a
conti nuous technique for this as well (Meier et al 2002) that, depending on the indication, can
be considered to be an alternative to the interscal ene plexus bl ock.
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3 Inter scalene Techniques of Brachial Plexus Block

3.1 Anatomy

The brachial plexus is formed by the anterior ram of spinal nerves C5 C8 and T1, and it

someti mes 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 combine to form three trunks and run together toward the most | ateral

convexity of the body of thefirstrib (» Fig. 3.1).

* The upper trunk is formed by the junction of the roots of C5/6, and the suprascapular nerve
arises immediately as alateral branch from the upper trunk.

* The middle trunk is formed by root C7.

* The lower trunk is formed by roots C8/T1.

The trunks, which here lie on top of one another, cross the (posterior) interscalene groove
between the scal enus anterior and scal enus medius muscles. Just above the clavicle, the trunks
each split into an anterior and a posterior division (» Fig. 3.2).

* The three posterior divisions unite to formthe posterior cord.

* The anterior divisions of the upper trunk and middle trunk formthe lateral cord.

* The medial cord is the continuation of the anterior division of the lower trunk.




Fig. 3.1 Anatomy of the brachial plexus.

1 Sternocleidomastoid
2 Scalenus medius

3 Upper trunk

4 Phrenic nerve

5 Middle trunk

6 Lower trunk

7 Subclavian artery

8 Posterior cord

9 Lateral cord

Fig. 3.2 Anatomy of the brachial plexus.
1 Posterior cord

2 Suprascapular nerve

3 Upper trunk, posterior division
4 Scalenus medius

5 Upper trunk

6 Lateral cord

7 Subclavian artery

8 Upper trunk, anterior division



Fig. 3.3 Anatomy of the brachial plexus (neurovascular sheath).
1 Sternocleidomastoid

2 Neurovascular bundle under the prevertebral fascia

3 Transverse cervical artery

4 Omohyoid muscle with middle cervical fascia

In the interscalene region, we thus first have the trunks, dividing in the immediate
supraclavicular and infraclavicular region, and then the cords.

The lower trunk lies deepest and can be reached by an interscalene block only with
difficulty (see » Fig. 3.1). At the caudal end of the (posterior) interscalene groove just behind
and above the clavicle, the subclavian artery, generally located directly in front of the lower
trunk, passes with the brachial plexus through the interscalene groove, while the subclavian
vein joins them only after they pass through the anterior interscalene groove. Anteriorly, the
posterior interscalene groove is crossed by the omohyoid muscle, which can usually be easily
pal pated.

The phrenic nerve (C3 C5) runs on the belly of the anterior scalene muscle, enclosed in the
prevertebral fascia covering the muscle. The cervical and thoracocervical sympathetic ganglia
and the recurrent laryngeal nerve are in the immediate vicinity of the brachial plexus, but
always medial to the interscalene grooves. The vertebral artery lies anterior to the exit of the
cervical spinal nerves through the intervertebral foramina. The cervical epidural and
subarachnoid space can be reached or punctured accidentally through the intervertebral



