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Notice
Medicine is an ever-changing science. As new research and clinical experience broaden 
our knowledge, changes in treatment and drug therapy are required. The authors and the 
publisher of this work have checked with sources believed to be reliable in their efforts to 
provide information that is complete and generally in accord with the standards accepted 
at the time of publication. However, in view of the possibility of human error or changes in 
medical sciences, neither the authors nor the publisher nor any other party who has been 
involved in the preparation or publication of this work warrants that the information con-
tained herein is in every respect accurate or complete, and they disclaim all responsibility for 
any errors or omissions or for the results obtained from use of the information contained in 
this work. Readers are encouraged to confirm the information contained herein with other 
sources. For example and in particular, readers are advised to check the product informa-
tion sheet included in the package of each drug they plan to administer to be certain that the 
information contained in this work is accurate and that changes have not been made in the 
recommended dose or in the contraindications for administration. This recommendation is 
of particular importance in connection with new or infrequently used drugs.
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Peripheral Nerve Blocks and Anatomy for Ultrasound-Guided 
Regional Anesthesia, second edition, is being published at 
an exciting time in the development of regional anesthesia. 
Reflecting on the first edition of the book,* we believe its 
success was due largely to the tried-and-true nature of the 
material taught. It would not be an overstatement to say 
that the first edition of this book influenced professional 
lives of many colleagues and ultimately benefited patients 
worldwide. The success helped garner the New York School 
of Regional Anesthesia (NYSORA) additional esteem that it 
enjoys today. In line with the philosophy of the first edition, 
this second edition minimizes presentation of theoretical 
considerations. Instead, the featured techniques and teach-
ings are gleaned directly from the trenches of the clinical 
practice of regional anesthesia.

In recent years, the field of regional anesthesia, and in 
particular peripheral nerve blockade, has entered an unprec-
edented renaissance. This renaissance is due primarily to 
the widespread introduction of ultrasound-guided regional 
anesthesia. The ability to visualize the anatomy of interest, 
the needle–nerve relationship, and the spread of the local 
anesthetic has resulted in significant growth of interest in 
and use of peripheral nerve blocks. Regardless, many aspects 
of ultrasound-guided regional anesthesia still require clari-
fication and standardization. Examples include dilemmas 
regarding the ideal placement of the needle for successful 
and safe blockade, the number of injections required for 
individual techniques, the volume of local anesthetic for 
successful blockade, the integration of additional monitor-
ing tools such as nerve stimulation and injection pressure 
monitoring and many others. For these reasons, we decided 
to defer publication of the second edition and opted to wait 
for clarification from clinical trials or collective experience 
to provide more solid recommendations. As a result, just as 
with the first edition, the second book features only tried-
and-true descriptions of peripheral nerve block techniques 
with wide clinical applicability rather than a plethora of tech-
niques and modifications that have mere theoretical con-
siderations. Where the collective experience has not reached 
the necessary level to recommend teaching a certain tech-
nique (e.g., neuraxial blocks), we opted to feature anatomic 
considerations rather than vague or inadequately developed 
technique recommendations, which may lead to disappoint-
ments, or possibly complications, if they are adopted without 
careful consideration.

P r e fa c e

 The second edition is organized as a collection of practical 
introductory chapters, followed by detailed and unambigu-
ous descriptions of common regional anesthesia block proce-
dures rather than an exhaustive theoretical compendium of 
the literature. Although ultrasound guidance eventually may 
become the most prevalent method of nerve blockade glob-
ally, most procedures world-wide are still performed using 
the methods of peripheral nerve stimulation and/or surface 
landmarks, particularly in the developing world. Because 
this book has been one of the main teaching sources inter-
nationally, we decided to retain the section on the traditional 
techniques of nerve blockade in addition to the new section 
on ultrasound-guided regional anesthesia. Since knowledge 
of surface anatomy is essential for practice of both traditional 
and ultrasound regional anesthesia procedures, we decided 
to also add an Atlas of Surface Anatomy (Section 8).

The book is organized in eight sections that progress from 
the foundations of peripheral nerve blocks and regional anes-
thesia to their applications in clinical practice. Ultrasound-
guided regional anesthesia is a field in evolution, and many 
of its aspects still lack standardization and clear guidance. 
For this reason, we decided to produce this new edition 
as an international collaborative effort. This collaboration 
resulted in teaching that is based not only on our experience 
at NYSORA but also is endorsed by a number of opinion 
leaders in the field from around the globe. I would like to 
thank them for the contributions, enthusiasm, and passion 
that they invested in creating the second edition of Peripheral 
Nerve Blocks. This book also would not be what it is without 
the large extended family of educators and trainees, who 
took part in the numerous NYSORA educational programs, 
including our educational outreach program in developing 
countries in Asia. I thank you immensely for your input, 
which inspired us to deliver this updated edition, and for 
your multiple contributions through e-mails, suggestions, 
and discussion on the NYSORA.com website.

There are no standards of care related to peripheral nerve 
blocks, despite their widespread use. With this edition, we 
have tried to standardize the techniques and the monitoring 
approach during local anesthetic delivery, for both greater 
consistency and greater safety of peripheral nerve blocks. 
Different institutions naturally may have different approaches 
to techniques that they customize for their own needs. The 
material we present in this volume however, comes from the 
trenches of clinical practice, so to speak. Most procedures 
described are accompanied by carefully developed flowcharts 
to facilitate decision making in clinical practice that the 
authors themselves use on an everyday basis.

The successful practice of ultrasound-guided regional 
anesthesia and pain medicine procedures depends greatly 

*The first edition was titled Peripheral Nerve Blocks: Principles and 
Practice.

www.NYSORA.com
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on the ability to obtain accurate ultrasound images and 
the ability to recognize the relevant structures. For these 
reasons, we decided to add an atlas of ultrasound anatomy 
for regional anesthesia and pain medicine (Section 7) pro-
cedures to this volume. The anatomy examples consist of a 
pictorial guide with images of the transducer position needed 
to obtain the corresponding ultrasound image and the cross-
sectional gross anatomy of the area being imaged. Once the 
practitioner absorbs this material, he or she can extrapolate 
the knowledge of the practical techniques presented to prac-
tice virtually any additional regional anesthesia technique. 
We have expended painstaking efforts to provide cross-
sectional anatomy examples where possible. Perfecting the 
matching of ultrasound and anatomy sections is not always 
possible because the sonograms and cross-sectional anatomy 
views are obtained from volunteers and fresh cadavers, 
respectively. The reader should keep in mind that the ultra-
sound images are obtained from videos during dynamic 
scanning. For this reason, the labeled ultrasound images are 
accurate to the best of our abilities and within the limitations 
of the ultrasound equipment even when they do not perfectly 
match the available paired cross-sectional anatomy.

Due to popular demand, we decided to include a DVD con-
taining videos of the most common ultrasound-guided nerve 
block procedures. Assuming that videos are the most beneficial 

method for novices and trainees, we decided to include videos 
of well-established ultrasound-guided nerve blocks that should 
cover most indications for peripheral nerve blocks. Once 
trainees have mastered these techniques, they typically require 
only knowledge about the specific anatomy of the block(s) to 
be performed to apply the principles learned in the videos to 
any other nerve block procedure. This is another example of 
how the atlas of ultrasound anatomy (Section 7) included in the 
book will be useful. With the wealth of information presented 
in a systematic fashion, we believe that the Atlas also will be 
of value to anyone interested in the ultrasound anatomy of 
peripheral nerve and musculoskeletal systems, including radi-
ologists, sonographers, neurologists, and others.

With this edition of Peripheral Nerve Blocks and Anatomy 
for Ultrasound-Guided Regional Anesthesia, we have tried to 
provide a wealth of practical information about the modern 
practice of peripheral nerve blocks and the use of ultrasound 
in regional anesthesia and to present multiple pathways to 
troubleshoot common clinical problems. We hope this book 
will continue to serve as one of the standard teaching texts 
in anesthesiology, and we thank the readership of previous 
edition their support and encouragement.

Sincerely,
Admir Hadzic, MD
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A good practical knowledge of anatomy is important for 
the successful and safe practice of regional anesthesia. In 
fact, just as surgical disciplines rely on surgical anatomy, 
regional anesthesiologists need to have a working knowl-
edge of the anatomy of nerves and associated structures 
that does not include unnecessary details. In this chapter, 
the basics of regional anesthesia anatomy necessary for 
successful implementation of various techniques described 
later in the book are outlined.  

 Anatomy of Peripheral Nerves
All peripheral nerves are similar in structure. The neuron is 
the basic functional unit responsible for the conduction of 
nerve impulses (Figure 1-1). Neurons are the longest cells in 
the body, many reaching a meter in length. Most neurons are 

Essential Regional 
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incapable of dividing under normal circumstances, and they 
have a very limited ability to repair themselves after injury. 
A typical neuron consists of a cell body (soma) that contains 
a large nucleus. The cell body is attached to several branch-
ing processes, called dendrites, and a single axon. Dendrites 
receive incoming messages; axons conduct outgoing mes-
sages. Axons vary in length, and there is only one per neuron. 
In peripheral nerves, axons are very long and slender. They 
are also called nerve fibers.

 Connective Tissue
The individual nerve fibers that make up a nerve, like indi-
vidual wires in an electric cable, are bundled together by 
connective tissue. The connective tissue of a peripheral nerve 
is an important part of the nerve. According to its position 

NEURON Dendrite

Cell body

Nucleus

Axon

Myelin sheath

Muscle fiberMotor end plate

Terminal arborization

Cytoplasm

FIGURE 1-1. Organization of the peripheral nerve.

Admir Hadzic and Carlo Franco



4 Section 1 Foundations of Peripheral Nerve Blocks

in the nerve architecture, the connective tissue is called the 
epineurium, perineurium, or endoneurium (Figure 1-2). The 
epineurium surrounds the entire nerve and holds it loosely to 
the connective tissue through which it runs. Each group of 
axons that bundles together within a nerve forms a fascicle, 

which is surrounded by perineurium. It is at this level that 
the nerve–blood barrier is located and constitutes the last 
protective barrier of the nerve tissue. The endoneurium is the 
fine connective tissue within a fascicle that surrounds every 
individual nerve fiber or axon. 

Nerves receive blood from the adjacent blood vessels run-
ning along their course. These feeding branches to larger 
nerves are macroscopic and irregularly arranged, forming 
anastomoses to become longitudinally running vessel(s) that 
supply the nerve and give off subsidiary branches. 

 Organization of the Spinal Nerves
The nervous system consists of central and peripheral parts. 
The central nervous system includes the brain and spinal cord. 
The peripheral nervous system consists of the spinal, cranial, and 
autonomic nerves, and their associated ganglia. Nerves are 
bundles of nerve fibers that lie outside the central nervous 
system and serve to conduct electrical impulses from one 
region of the body to another. The nerves that make their 
exit through the skull are known as cranial nerves, and 
there are 12 pairs of them. The nerves that exit below the 
skull and between the vertebrae are called spinal nerves, 
and there are 31 pairs of them. Every spinal nerve has its 
regional number and can be identified by its association with 
the adjacent vertebrae (Figure 1-3). In the cervical region, the 

FIGURE 1-2. Histology of the peripheral nerve and connective 
tissues. White arrows: External epineurium (epineural sheath), 1 = 
Internal epineurium, 2 = fascicles, Blue arrows: Perineurium, Red 
arrow: Nerve vasculature Green arrow: Fascicular bundle.
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Rami
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Ventral root

Dorsal root ganglion

Dorsal ramus

Spinal cord

Pia mater
Arachnoid

Dura mater

Subarachnoid space

Vertebral
body

FIGURE 1-3. Organization of the spinal nerve.



chapter 1Essential Regional Anesthesia Anatomy 5

postganglionic fibers leave the ganglion. Those fibers inner-
vating glands and smooth muscle in the body wall or limbs 
form the gray ramus that rejoins the spinal nerve. The gray 
and white rami are collectively called the rami communi-
cantes. Preganglionic or postganglionic fibers that inner-
vate internal organs do not rejoin the spinal nerves. Instead, 
they form a series of separate autonomic nerves and serve 
to regulate the activities of organs in the abdominal and 
pelvic cavities.

The dorsal ramus of each spinal nerve carries sensory 
innervation from, and motor innervation to, a specific seg-
ment of the skin and muscles of the back. The region inner-
vated resembles a horizontal band that begins at the origin of 
the spinal nerve. The relatively larger ventral ramus supplies 
the ventrolateral body surface, structures in the body wall, 
and the limbs. Each spinal nerve supplies a specific segment 
of the body surface, known as a dermatome. 

Dermatomes

A dermatome is an area of the skin supplied by the dorsal 
(sensory) root of the spinal nerve (Figures 1-5 and 1-6). In 
the head and trunk, each segment is horizontally disposed, 
except C1, which does not have a sensory component.

first pair of spinal nerves, C1, exits between the skull and the 
first cervical vertebra. For this reason, a cervical spinal nerve 
takes its name from the vertebra below it. In other words, 
cervical nerve C2 precedes vertebra C2, and the same system 
is used for the rest of the cervical series. The transition from 
this identification method occurs between the last cervical 
and first thoracic vertebra. The spinal nerve lying between 
these two vertebrae has been designated C8. Thus there are 
seven cervical vertebrae but eight cervical nerves. Spinal nerves 
caudal to the first thoracic vertebra take their names from the 
vertebra immediately preceding them. For instance, the spinal 
nerve T1 emerges immediately caudal to vertebra T1, spinal 
nerve T2 passes under vertebra T2 and so on. 

origin and peripheral Distribution 
of Spinal nerves
Each spinal nerve is formed by a dorsal and a ventral root 
that come together at the level of the intervertebral fora-
men (Figure 1-3). In the thoracic and lumbar levels, the 
first branch of the spinal nerve carries visceral motor fibers 
to a nearby autonomic ganglion. Because preganglionic 
fibers are myelinated, they have a light color and are known 
as white rami (Figure 1-4). Two groups of unmyelinated 

Spinal
ganglion

Dorsal horn of
gray matter

Dorsal
root

Lateral horn of
gray matter

White ramus

Gray ramus

Dorsal primary ramus

Ventral primary
ramus

Spinal nerve Ventral root

Skin

Skeletal
muscle

Ventral horn of
gray matter

Sympathetic
ganglion

Skin

FIGURE 1-4. Organization and function of the segmental (spinal nerve).
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FIGURE 1-5. Dermatomes and corresponding peripheral nerves: front.
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FIGURE 1-6. Dermatomes and corresponding peripheral nerves: back.
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The dermatomes of the limbs from the fifth cervical to the 
first thoracic nerve, and from the third lumbar to the second 
sacral vertebrae, form a more complicated arrangement due 
to rotation and growth during embryologic life. There is 
considerable overlapping of adjacent dermatomes; that is, 
each segmental nerve overlaps the territories of its neighbors. 
This pattern is variable among individuals, and it is more of a 
guide than a fixed map.

Myotomes

A myotome is the segmental innervation of skeletal muscle 
by a ventral root of a specific spinal nerve (Figure 1-7).

FIGURE 1-7. Motor innervation of the major muscle groups. (A) Medial and lateral rotation of shoulder and hip. Abduction 
and adduction of shoulder and hip. (B) Flexion and extension of elbow and wrist. (C) Pronation and supination of forearm. 
(D) Flexion and extension of shoulder, hip, and knee. Dorsiflexion and plantar flexion of ankle, lateral views.

TIPS
although the differences between dermatomal, •	
myotomal, and osteotomal innervation are often 
emphasized in regional anesthesiology textbooks, 
it is usually impractical to think in those terms when 
planning a regional block.
instead, it is more practical to think in terms of •	
areas of the body that can be blocked by a specific 
technique. 
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Osteotomes

The innervation of the bones follows its own pattern and 
does not coincide with the innervation of more superficial 
structures (Figure 1-8).

 Nerve Plexuses
Although the dermatomal innervation of the trunk is simple, 
the innervation of the extremities, part of the neck, and 

pelvis is highly complex. In these areas, the ventral rami of 
the spinal nerves form an intricate neural network; nerve 
fibers coming from similar spinal segments easily reach 
different terminal nerves. The four major nerve plexuses 
are the cervical plexus, brachial plexus, lumbar plexus, and 
sacral plexus.
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Median N
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ulnar nerves
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Lateral anterior thoracic N
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Sup.gluteal N
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Obturator N
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FIGURE 1-8. Osteotomes.
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the cervical plexus
The cervical plexus originates from the ventral rami of 
C1-C5, which form three loops (Figures 1-9 and 1-10). 
Branches from the cervical plexus provide sensory innervation 

of part of the scalp, neck, and upper shoulder and motor 
innervation to some of the muscles of the neck, the thoracic 
cavity, and the skin (Table 1-1). The phrenic nerve, one of 
the larger branches of the plexus, innervates the diaphragm. 

C1

C2

C3

C4

C5

Thyrohyoid muscle

Ansa cervicalis

Omohyoid muscle

Phrenic nerve

Stemothyroid muscle

FIGURE 1-9. Organization of the cervical plexus.
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FIGURE 1-10. Superficial cervical plexus branches. ct, transverse cervical; ga, greater auricular; lo, lesser occipital; sc, supra-
clavicular. Also shown is the spinal accessory nerve (SA).

NERVES
SPINAL 
SEGMENTS DISTRIBUTION

Ansa cervicalis (superior and 
inferior branches)

C1-C4 Five of the extrinsic laryngeal muscles (sternothyroid, 
sternohyoid, omohyoid, geniohyoid, and thyrohyoid) by 
way of N XII

Lesser occipital, transverse 
cervical, supraclavicular, and greater 
auricular nerves

C2-C3 Skin of upper chest, shoulder, neck, and ear

Phrenic nerve C3-C5 Diaphragm

Cervical nerves C1-C5 Levator scapulae, scalene muscles, sternocleidomastoid, 
and trapezius muscles (with N XI)

Table 1-1
  

Organization and Distribution of the Cervical Plexus
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Dorsal scapular N

N. to subclavius

Upper trunk

Suprascapular N

Lateral pectoral N

Lateral cord

Posterior cord

Upper subscapular N

Thoracodorsal N

Lower subscapular N

Musculocutaneous N

Axilliary N

Lateral root of
median N

Median N Radial N Ulnar N

Medial root of median N

Medial brachial cutaneous N
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To longus and
scalene mm.

To phrenic

To longus and
scalene mm.

Medial antebrachial cutaneous N

Long
thoracic N

FIGURE 1-11. Organization of the brachial plexus.

the Brachial plexus
The brachial plexus is both larger and more complex than 
the cervical plexus (Figures 1-11, 1-12, 1-13, 1-14A,B, 
1-15A,B, and 1-16). It innervates the pectoral girdle and 
upper limb. The plexus is formed by five roots that originate 
from the ventral rami of spinal nerves C5-T1. The roots 
converge to form the superior (C5-C6), middle (C7), and 
inferior (C8-T1) trunks (Table 1-2). The trunks give off three 

anterior and three posterior divisions as they approach the 
clavicle. The divisions rearrange their fibers to form the 
lateral, medial, and posterior cords. The cords give off the 
terminal branches. The lateral cord gives off the musculocu-
taneous nerve, and the lateral root of the median nerve. The 
medial cord gives off the medial root of the median nerve 
and the ulnar nerve. The posterior cord gives off the axillary 
and radial nerves.
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FIGURE 1-12. View of the posterior triangle of the neck, 
located above the clavicle between the sternocleidomastoid 
(SCM) in front and the trapezius (trap) behind. It is crossed 
by the omohyoid muscle (OH) and the brachial plexus (BP).

FIGURE 1-13. The brachial plexus (in yellow) at the level of 
the trunks (U, M, and L) occupies the smallest surface area in 
its entire trajectory. Also shown are the dome of the pleura 
(PL) in blue, the subclavian artery (SA) and the vertebral 
artery, both in red. The phrenic nerve, in yellow, is seen trav-
eling anterior to the anterior scalene muscle (AS).

A B

FIGURE 1-14. (A) A thick fascia layer (sheath) covers the brachial plexus in the posterior triangle. Also seen is part of the 
sternocleidomastoid muscle (SCM), the cervical transverse vessels (CT), and the omohyoid muscle (OH). (B) Once the sheath 
is removed, the brachial plexus can be seen between the anterior scalene (AS) and middle scalene (MS) muscles. (Part A repro-
duced with permission from Franco CD, Rahman A, Voronov G, et al. Gross anatomy of the brachial plexus sheath in human cadavers. Reg Anesth 
Pain Med. 2008;33(1):64-69. Part B reproduced from Franco CD, Clark L. Applied anatomy of the upper extremity. Tech Reg Anesth Pain Mgmt. 
2008;12(3):134-139, with permission from Elsevier.)
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