
ATLAS OF
ULTRASOUND-GUIDED
REGIONAL 
ANESTHESIA

 



ATLAS OF
ULTRASOUND-GUIDED
REGIONAL
ANESTHESIA

FOURTH EDITION

Andrew T. Gray, MD, PhD
Professor of Clinical Anesthesia
Department of Anesthesia and Perioperative Care
University of California San Francisco
Zuckerberg San Francisco General
San Francisco, California

 



Elsevier
1600 John F. Kennedy Blvd.
Ste 1800
Philadelphia, PA 19103-2899

ATLAS OF ULTRASOUND-GUIDED REGIONAL ANESTHESIA,
FOURTH EDITION� ISBN: 978-0-443246012

Copyright © 2026 by Elsevier Inc. All rights are reserved, including those for text and data mining, AI training, and similar 
technologies.

For accessibility purposes, images in electronic versions of this book are accompanied by alt text descriptions provided by Elsevier. 
For more information, see https://www.elsevier.com/about/accessibility.

Publisher’s note: Elsevier takes a neutral position with respect to territorial disputes or jurisdictional claims in its published con-
tent, including in maps and institutional affiliations.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including 
photocopying, recording, or any information storage and retrieval system, without permission in writing from the publisher. 
Details on how to seek permission, further information about the Publisher’s permissions policies and our arrangements with 
organizations such as the Copyright Clearance Center and the Copyright Licensing Agency, can be found at our website: www.
elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by the Publisher (other than as may be 
noted herein).

Notice

Practitioners and researchers must always rely on their own experience and knowledge in evaluating and using any informa-
tion, methods, compounds or experiments described herein. Because of rapid advances in the medical sciences, in particular, 
independent verification of diagnoses and drug dosages should be made. To the fullest extent of the law, no responsibility 
is assumed by Elsevier, authors, editors or contributors for any injury and/or damage to persons or property as a matter of 
products liability, negligence or otherwise, or from any use or operation of any methods, products, instructions, or ideas 
contained in the material herein.

Previous editions copyrighted 2019, 2013, and 2010.

Executive Content Strategist: Kayla Wolfe
Senior Content Development Specialist: Lisa M. Barnes
Publishing Services Manager: Deepthi Unni
Project Manager: Nandhini Thanga Alagu
Design Direction: Ryan Cook

Printed in India

Last digit is the print number:  9  8  7  6  5  4  3  2  1

 



SECTION 1  Introduction to Ultrasound Imaging

1.	 Ultrasound	 2

2.	 Speed of Sound	 4

3.	 Attenuation	 6

4.	 Reflection	 8

5.	 Beam Width (Slice Thickness)	 11

6.	 Anisotropy	 13

7.	 Spatial Compound Imaging	 15

8.	 Doppler Imaging	 18

9.	 Ultrasound Transducers	 21

10.	 Transducer Manipulation	 22

11.	 Needle Imaging	 24

12.	 Approach and Techniques	 31

13.	 Sonographic Signs of Successful Injections	 37

14.	 Continuous Peripheral Nerve Blocks	 39

15.	 Three-Dimensional Ultrasound	 48

16.	 Ultra-High Frequency Ultrasound	 51

SECTION 2  Structures

17.	 Anatomic Structures	 56

18.	 Skin and Subcutaneous Tissue	 57

19.	 Peripheral Nerves	 59

20.	 Muscle	 64

21.	 Tendons and Ligaments	 67

22.	 Arteries	 71

23.	 Veins	 74

24.	 Bone	 76

Contents

xi

 



CONTENTSxii

25.	 Pleura	 78

26.	 Peritoneum	 79

SECTION 3  Upper Extremity Blocks

27.	 Interscalene and Superior Trunk Blocks	 81

28.	 Supraclavicular Block	 91

29.	 Suprascapular Nerve Block (Anterior Approach, above the Clavicle)	 96

30.	 Infraclavicular Block	 100

31.	 Axillary Block	 110

32.	 Musculocutaneous Nerve Block	 121

33.	 Forearm Blocks	 129

34.	 Radial Nerve Block	 130

35.	 Median Nerve Block	 135

36.	 Ulnar Nerve Block	 140

SECTION 4  Lower Extremity Blocks

37.	 Lateral Femoral Cutaneous Nerve Block	 145

38.	 Fascia Iliaca Block	 150

39.	 Femoral Nerve Block	 153

40.	 Adductor Canal Block	 162

41.	 Obturator Nerve Block	 169

42.	 Sciatic Nerve Block	 176

43.	 Popliteal Block	 189

44.	 Posterior Femoral Cutaneous Nerve Block	 196

45.	 Pericapsular Nerve Group (PENG) Block for Hip Analgesia	 201

46.	 Infiltration of Local Anesthetic between the Popliteal Artery  
and Capsule of Knee (iPACK) Block� 206

47.	 Ankle Blocks	 211

48.	 Saphenous Nerve Block in the Leg	 213

 



CONTENTS xiii

49.	 Deep Peroneal Nerve Block	 216

50.	 Superficial Peroneal Nerve Block	 222

51.	 Sural Nerve Block	 227

52.	 Tibial Nerve Block	 233

SECTION 5  Trunk Blocks

53.	 Intercostal Nerve Block	 241

54.	 External Oblique Intercostal Plane Block	 249

55.	 Serratus Anterior Plane Block	 254

56.	 Pectoral Nerve Block (The PECS Block)	 259

57.	 Transversus Thoracis Muscular Plane Block (Parasternal Block)	 265

58.	 Rectus Sheath Block	 271

59.	 Ilioinguinal and Iliohypogastric Nerve Blocks	 279

60.	 Transversus Abdominis Plane Block	 287

61.	 Erector Spinae Plane Block	 296

62.	 Thoracic Paravertebral Block	 302

63.	 Neuraxial Block	 330

64.	 Caudal Epidural Block	 340

SECTION 6  Head and Neck Blocks

65.	 Supraorbital Nerve Block	 348

66.	 Mental Nerve Block	 352

67.	 Suprazygomatic Maxillary Nerve Block	 357

68.	 Superior Laryngeal Nerve Block	 362

69.	 Transtracheal Block	 367

70.	 Greater Occipital Nerve Block	 371

71.	 Cervical Plexus Block	 377

72.	 Stellate Ganglion Block (Cervicothoracic  
Sympathetic Ganglion Block)	 388

 



CONTENTSxiv

SECTION 7  Safety Issues and New Technology

73.	 Safety: Practical Techniques to Prevent Complications During 
Ultrasound-Guided Nerve Blocks� 398

74.	 Ultrasound-Guided Percutaneous Cryoneurolysis for Acute Pain	 409

75.	 Artificial Intelligence in Ultrasound-Guided Regional Anesthesia	 421

	 Appendix 1� 433
	 Appendix 2� 438
	 Appendix 3� 452
	 Appendix 4� 456
	 Index� 477

 



Video Contents

INTRODUCTION TO ULTRASOUND IMAGING
Chapters 1–15

Chapter 1
Video 1.1� Introduction to Ultrasound Imaging

Chapter 12
Video 12.1� Twist and Slide Method for Correcting 

a Partial Needle View

Chapter 14
Video 14.1� Peripheral Nerve Catheters

UPPER EXTREMITY BLOCKS
Chapters 27–36

Chapter 27
Video 27.1� Interscalene and Supraclavicular Blocks

Chapter 30
Video 30.1� Infraclavicular Blocks

Chapter 31
Video 31.1� Axillary Block

Chapter 33
Video 33.1� Forearm Blocks

LOWER EXTREMITY BLOCKS
Chapters 37–52

Chapter 38
Video 38.1� Fascia Iliaca Block

Chapter 39
Video 39.1� Femoral Nerve Block

Chapter 40
Video 40.1� Adductor Canal Block

Chapter 41
Video 41.1� Obturator Nerve Block

Chapter 42
Video 42.1� Anterior approach
Video 42.2� Posterior approach
Video 42.3� Sciatic Nerve Block

Chapter 43
Video 43.1� Popliteal Block

Chapter 45
Video 45.1� Peng Block Scanning Technique
Video 45.2� Peng Block Spread of Local Anesthetic

xv

 



VIDEO CONTENTSxvi

Chapter 47
Video 47.1� Ankle Blocks

Chapter 48
Video 48.1� Saphenous nerve block

TRUNK BLOCKS
Chapters 53–64

Chapter 58
Video 58.1� Truncal Blocks
Video 58.2� Rectus Sheath Block

Chapter 60
Video 60.1� Transversus Abdominis Plane Block

Chapter 62
Video 62.1� Thoracic Paravertebral Block

Chapter 67
Video 67.1�� Ultrasound Guided Suprazygomatic 

Maxillary Nerve Block

Chapter 71
Video 71.1� Cervical Plexus Block

Chapter 73
Video 73.1� Ultrasound Safety Issues

 



Speed of Sound 5
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FIGURE 2.1  �Bayonet artifacts observed during popliteal block (A and B). Because the speed 
of sound is not necessarily homogeneous in soft tissue, the needle can some-
times appear to bend, similar to a bayonet shape. The apparent bend occurs 
near the middle of the popliteal fossa where there is more adipose tissue (which 
has a slower speed of sound than muscle) overlying the needle. Actual mechan-
ical bending of the needle typically appears as gentle bowing of the needle (C).
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