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 Over the past 30 years, pediatric regional anesthesia has come of age. There is now a large and 
rapidly growing body of information regarding the impact of development on pain responses, 
local anesthetic pharmacology, and the adaptation of a full range of regional anesthetic tech-
niques for infants and children. There is also a quickly expanding literature on safety and 
effi cacy from registries and clinical trials. Thirty years ago, in most pediatric centers world-
wide, regional anesthesia was used for only a small fraction of surgeries. Today, it is an essen-
tial part of pediatric anesthetic and analgesic management throughout the world. For children 
in tertiary centers in highly developed countries, regional anesthesia is recognized as an essen-
tial component of multimodal analgesic regimens that seek to provide pain relief with move-
ment; diminish opioid use, with a corresponding reduction in opioid side-effects; and facilitate 
early mobilization, early enteral feeding, and early hospital discharge. Some preliminary stud-
ies in infant humans and infant animals suggest that regional anesthesia may have an impact 
on preventing prolonged changes in central nervous system responses to surgical trauma. In 
lower resource settings, pediatric regional anesthesia is more often used as a primary anes-
thetic approach, based on considerations of cost, safety, and reduced need for postoperative 
intensive care. In the face of ongoing controversy over the impact of general anesthetics on the 
developing brain, regional anesthesia has a growing role for neonates, infants, and toddlers as 
an approach to limiting general anesthetic dosing and overall exposure. 

 Ban Tsui and Santhanam Suresh have been pioneers in this effort, and it is fi tting that they 
are co-editing this wonderful textbook. Both editors have made fundamental innovations in the 
fi eld over the past 20 years, and both continue to innovate and to mentor to a new generation 
of investigators and clinicians. 

 This book is superb in every way. As an atlas, it is fi rst-rate. Anatomic drawings, diagrams, 
photos, and ultrasound images are combined in ways that masterfully guide the reader. The 
introductory sections outline the physics behind nerve stimulation and ultrasound in a way that 
is both sophisticated and highly practical for the clinician. The chapter entitled “Clinical and 
Practical Aspects of Ultrasound Use” codifi es a set of clinical pearls in a clear and useful man-
ner. The chapters that discuss pain assessment, pharmacology, and complications are practical 
and up-to-date. Part III covers the clinical anatomy of the various regions of the body with 
relevance to the conduct of regional anesthesia. Throughout these sections, the illustrations are 
outstanding, with just the right level of detail and the right points of emphasis. Parts   IV    ,   V    ,   VI    , 
  VII    ,   VIII    ,   IX    , and   X     build on these foundations to elucidate the “how-to” for the full range of 
regional anesthetic blocks. No other textbook, adult or pediatric, gives such clear guidance on 
how to perform a block, how to troubleshoot, how to avoid pitfalls, and how to analyze and 
solve clinical problems. Throughout these sections, there is a great balance between the sci-
ence and the art of regional anesthesia. In every chapter, there is an authoritative reference list. 

 I am left with only one criticism, namely the title. This book is a magnifi cent atlas, but it is 
really much more than that: it is by far the defi nitive textbook on pediatric regional anesthesia. 

 Charles Berde, MD, PhD
Professor of Anesthesia (Pediatrics), Harvard Medical School,

Children’s Hospital Boston, Boston, MA, USA  
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 In 2007, Tsui, with Springer, published the fi rst textbook and atlas devoted entirely to ultra-
sound-guided regional blockade in adults, entitled  Atlas of Ultrasound and Nerve Stimulation -
 Guided Regional Anesthesia . Since then, many textbooks and atlases with a similar focus have 
been written, albeit for the adult population only. Despite the extensive progress made in 
regional anesthesia over the past decades, there still exists no textbook and/or atlas dedicated 
to both ultrasound- and nerve stimulation-guided regional blockades for the pediatric 
population. 

 In preparing this, the fi rst textbook focused on ultrasound and nerve stimulation for pediat-
ric regional anesthesia; we had the privilege of gathering friends and colleagues as contributing 
authors. Similar to the situation for the adult population, pediatric regional anesthesia has long 
been regarded as an “art,” and success with these techniques is perceived widely to be the 
domain of a few skilled pediatric anesthesiologists. Around 30 years ago, the introduction of 
nerve stimulation technology began to nudge regional anesthesia closer toward a “science.” 
However, nerve stimulation has its limitations; the technique relies on electrical impulses to 
elicit a physiological response from nerves, and considerable variation exists among individu-
als with respect to this phenomenon. Nerve stimulation guidance is also limited by a number 
of other factors, including the properties of injectates, physiological fl uids (e.g., blood), and 
disease. Nevertheless, it proved to be a useful and objective method to place, with some reli-
ability, the needle tip close to a target nerve. Surprisingly, the introduction of nerve stimulation 
did not spark a renewed interest in regional anesthesia, although it proved quite a benefi t to 
those of us who were performing nerve blocks on a regular basis. This is particularly true in 
the case of pediatric patients, who are usually unable to provide feedback since their blocks are 
administered under heavy sedation and/or general anesthesia. 

 Ultrasound imaging is one of the most exciting technological advancements to be applied 
to regional anesthesia. For the fi rst time in over 100 years, we can visualize the nerve which we 
intend to block. Unlike nerve stimulation, we foresee ultrasound being a catalyst to draw anes-
thesiologists toward devoting more of their practice to regional anesthesia. We must remember, 
however, that the images ultrasound provides us are indirect and open to individual interpreta-
tion, depending on the user’s experience level, training, and where they received that experi-
ence and training. While some practitioners have a natural gift for interpreting ultrasound 
images, this is not the case with the majority. There is a signifi cant learning curve that goes 
with mastering ultrasound-guided regional anesthesia. What is more, it has been shown that 
combining ultrasound and nerve stimulation can improve block success, meaning that two 
techniques must be learned and mastered to be used to achieve a common goal. This was the 
main reason for describing and covering the advantages of both technologies in the adult atlas. 

 It is our hope that the adult atlas spurred readers to incorporate ultrasound (and nerve stimu-
lation) technology into their practice and become better regional anesthesiologists. As with 
that book, the main objective of this one is to shorten the learning curve associated with 
regional anesthesia—this time for use in pediatric patients. For those practitioners who are 
already adept and experienced with pediatric regional anesthesia, this book may serve to 
increase their knowledge and provide new insights into this fi eld. The ultimate goal of this 
book is to continue to develop and uncover new knowledge by amalgamating landmark, nerve 
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stimulation, and ultrasound guidance techniques in regional anesthesia, thereby improving 
patient care. 

 This atlas follows a layout similar to the one in the adult atlas. The book begins with several 
chapters providing information on both ultrasound and nerve stimulation. Equipment and 
setup, with a focus on needs for pediatric regional anesthesia, are also discussed. Chapter   4     
provides perhaps the most important information, including many practical ideas and 
approaches for using ultrasound during pediatric regional blockade. As with the adult book, we 
have also included a chapter discussing the fundamental ideas and physical tenets underlying 
electrical stimulation for regional blockade. In the clinical chapters, the reader will fi nd helpful 
tables and fl owcharts which describe step-by-step procedures for fi nding a nerve using electri-
cal stimulation as well as troubleshooting tips in case of unexpected or unwanted responses 
during nerve stimulation. This atlas also includes a chapter on the use of ultrasound for place-
ment of perineural catheters for continuous nerve blocks; many readers will fi nd this chapter 
applicable to blocks in adults as well. 

 In the same way that a sound knowledge of anatomy forms the basis of success in regional 
anesthesia, anatomy forms the core of this book. As Gaston Labat, the father of modern 
regional anesthesia, stated, “Anatomy is the foundation upon which the entire concept of 
regional anesthesia is built. Anyone who wishes to be an expert in the art of regional anesthesia 
must be thoroughly grounded in anatomy.” This advice remains as true today as when it was 
given a century ago. Thus, there are six consecutive chapters discussing pediatric anatomy 
with relevance to regional anesthesia, each supplemented with diagrams and illustrations to 
provide the reader with a comprehensive rendering of the anatomy associated with blocks in a 
particular region of the body. In the clinical chapters, there is a brief description of relevant 
anatomy with illustrations. In the absence of a readily available pediatric cadaver, we utilized 
an adult cadaver software program to obtain cross-sectional images showing gross anatomy, 
and we have used MRI and ultrasound, in pediatric subjects where possible, to capture detailed 
images of the corresponding block location. This is followed by a clinical description of how 
to perform ultrasound imaging during regional blockade. These sections describe and illustrate 
the positioning of the probe, the specifi c needling technique used, how to use nerve stimula-
tion, and pre- and post-local anesthetic application. This sequential format gives the reader a 
realistic simulation of the management of each clinical situation. 

 The images used in this book are those from our everyday practice and are achievable by 
any newcomer using ultrasound for regional anesthesia. We have been mindful not to concen-
trate on anatomically perfect ultrasound images—which can be obtained occasionally—but 
instead show images that are representative of those encountered on an average day. As with 
the adult atlas, MRI images were captured from consenting patients to further illustrate the 
neuroanatomy and relationship to surrounding anatomical structures. Where possible, we have 
also provided schematic drawings to show the relationship between nerves, vessels, bone, 
muscle, and other structures that one must contend with when using ultrasound to guide nerve 
blocks. For the ultrasound images, we have again provided unlabeled and labeled images along 
with a diagram showing the location of the ultrasound probe footprint. The unlabeled image 
allows the reader to familiarize themselves with a realistic clinical image without the distrac-
tion of labels. In our experience, the side-by-side presentation of unlabeled and labeled ultra-
sound images acts as a helpful learning tool for novice users. 

 Since ultrasound-guided regional anesthesia is still an emerging fi eld, the literature is con-
stantly being updated with new ideas about how to best apply this technology. In this book, we 
focus on the most common approaches used and supplement these by including, in clinical 
pearls and notes, alternative approaches as described in the literature or by the chapter authors. 
This allows the reader to attempt and select the most suitable approach for his/her own needs. 
Throughout the book, dynamic and systematic scanning techniques are emphasized. As with 
adults, ultrasound-guided visualization of obvious nearby landmarks (i.e., blood vessels) is 
recommended as a fi rst step in identifying target nerves in pediatric patients. From there, shift-
ing the view to the associated neural structures and “tracing back” to the desired block site is, 
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in our experience, a more user-friendly method than “hunting” for the target nerve and block 
site without the guidance of any familiar subcutaneous landmarks. In this way, the dynamic 
method reemphasizes the importance of anatomical knowledge as the foundation for success-
ful regional anesthesia. 

 It is almost certain that when they are fi rst beginning to use ultrasound for regional block-
ade, anesthesiologists will encounter diffi culty in learning how to use the technology to iden-
tify neural structures and place the needle tip accurately. In many cases, this will result in 
frustration and failure, which likely deters many anesthesiologists from persisting in improv-
ing their technique and adopting the technology for their practice. This is especially pertinent 
to pediatric regional anesthesia since the patients are, in general, uncooperative and the anat-
omy is that much smaller and, in some cases, underdeveloped compared to adults. We antici-
pate that the concepts and methods described in this textbook will ease the learning curve for 
pediatric anesthesiologists wishing to incorporate regional blockade into their repertoire. 
Finally, the contents of this book provide a useful refresher and resource for all regional anes-
thesiologists wishing to hone their skills and adapt cutting-edge techniques into their 
practice.  

  Edmonton ,  Alberta ,  Canada           Ban     C.  H.     Tsui  ,   MSc, MD, FRCPC   
  Chicago ,  IL ,  USA           Santhanam     Suresh  ,   MD   
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4.1	 �Image Acquisition

Basic Concepts
•	 It is advisable to perform the block in a stress-free 

environment with minimal time restraints.
•	 The target area should be surveyed (scanned) using a 

generous amount of ultrasound gel prior to sterile 
preparation. One of the most common reasons for poor 
visualization is lack of sufficient gel for skin-probe 
contact.

•	 Upon location of a suitable puncture site, the probe posi-
tion is marked on the skin with a sterile marker.

•	 The images used in this book are those from our everyday 
practice and are achievable by any newcomer to 
ultrasound-guided regional anesthesia. We have been 
mindful not to concentrate on presenting anatomically 
perfect ultrasound images, which are obtained occasion-
ally; shown are images that are representative of what you 
will encounter in an average day.

•	 In order to facilitate learning in identification of the sono-
anatomy, unlabelled ultrasound images are placed next to 
identical but well-labeled images. Our colleagues have 
found this layout to be the most effective for familiarizing 
themselves with realistic clinical images as there is no 
distraction from multiple labels, yet at the same time, they 
benefit from side-by-side reference to the same image that 
has been labeled.

•	 More importantly, the labeling system indicates what 
structures are normally visualized as well as the 
expected locations of any clinically relevant and impor-
tant structures which may not be immediately obvious. 
Hopefully, this will reduce frustration and failure from 
unrealistic expectation in an attempt to visualize every 
structure.

4.2	 �Probe Preparation

•	 Both the probe and the patient’s skin should be prepared 
for maximum sterility and optimal imaging.

•	 Water-soluble conductivity gel is always used to remove 
the air-skin interface and to allow good reflection of 
ultrasound waves.

•	 Probe sterility is paramount in performing real-time, or 
dynamic, ultrasound-guided nerve block. This can be 
maintained by standard sleeve covers, although these can 
be expensive and cumbersome.

•	 When using a probe with the standard long covers, it is 
important to avoid air tracking between the probe and 
cover, as well as between the cover and the skin, which 
can obscure the ultrasound image.

•	 For single-shot blocks, we find it practical to use a trans-
parent dressing without the full cover of a sterile sleeve:
–– A sterile transparent dressing (Tegaderm™; 3M Health 

Care, St. Paul, MN, USA) can be used effectively, but 
to maintain a smooth surface, it must be stretched 
before it is adhered to the surface of the probe. The 
IV3000 dressing (Smith & Nephew Medical Limited, 
Hull, UK) is marketed for this purpose, but we have 
observed that, when placed over the probe surface, 
multiple small adhesive wells trap air underneath the 
dressing, leading to poor imaging and a limited ability 
to use the Doppler effect (Fig. 4.1) [1].

–– We also use individual sterile packs of gel.
•	 For continuous blocks:

–– Complete sterile preparation is required; a complete ster-
ile cover is used for the ultrasound probe. A mask, sterile 
gown, and gloves should be worn by the operator.

•	 After completion of the procedure, the probe and related 
equipment (including all surfaces and cables) should be 
thoroughly cleaned.

M.L. Noga et al.
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Fig. 4.1  Effects of sterile transparent dressing on image quality and 
ability to use Doppler ultrasound with curved probes. The Tegaderm 
dressing maintains image quality and ability to use Doppler as long 
as  it  is stretched (left). The IV3000 dressing can be used (middle), 
but multiple small adhesive wells containing air may form under the 

dressing, leading to poor imaging and limited ability to use Doppler. 
A  complete commercial sterile cover (right) would be necessary if 
performing catheter insertion for continuous anesthesia/analgesia 
(Adapted from Tsui et al. [1]. With permission from Wolters Kluwer 
Health)

4  Clinical and Practical Aspects of Ultrasound Use
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4.3	 �Image Optimization

•	 One of the most important factors in ultrasound-guided 
localization is patient positioning. The patient should be 
placed in a position such that the target area is well 
exposed. In the subsequent clinical chapters, patient 
positioning will be described for each individual block 
prior to discussing the ultrasound imaging technique.

•	 The operator position should be optimized to enable both 
a good view of the ultrasound screen and comfortable 
hand positioning for needle insertion.

•	 The reader is referred to Chap. 3 to choose the appropri-
ate frequency of transducer at each peripheral block 
location; the frequency will partly determine the type of 
array (linear versus curved) that will be suitable. Often, 
a high-frequency linear array transducer (10  MHz or 
more) is the most appropriate for the pediatric popula-
tion. If the area of interest is relatively deep, such as the 
gluteal region in teenagers, a lower-frequency trans-
ducer (5–7  MHz) may be advantageous with greater 
penetration. Whether the probe array is curved or linear 
depends on the region and field of view required (e.g., 
blocks in the lumbar region benefit from larger fields of 
view and lower frequencies, which curved array probes 
offer).

4.3.1	 �Probe Alignment

•	 The probe will have a marker or groove to show which 
way is “up.” The marker corresponds to the top of the 
ultrasound image, and if you slide the probe toward the 
marker, the image will move in the direction that the 
probe is moved. Similarly, if you slide the probe away 
from the marker side, the image will move in the direction 
opposite the marker.

•	 In most circumstances, and particularly with transverse 
planes of viewing, the plane of the transducer beam 
should intersect the axis of the nerve structures at a per-
pendicular position. The lateral resolution will be optimal 

in this situation, and artifacts such as anisotropy (Chap. 3, 
Sect. 3.6) will be minimized.

•	 To obtain the best short-axis view in a coronal plane, such 
as scanning the supraclavicular region, follow these 
important steps for probe handling (Fig. 4.2):
–– Scan across the relevant area to obtain a transverse 

view of the vascular structure (e.g., subclavian artery) 
or nerve since it is easier to capture these structures 
with an ultrasound beam “transecting” in a short axis 
rather than obtaining a longitudinal view.

–– The image can be refined by rotating the probe (turn 
slightly clockwise or anticlockwise) or tilting the probe 
forward and backward to achieve a perpendicular beam 
through the target structure in order to sharpen the image.

•	 Adjust the time gain compensation (TGC) so that the 
visualized area is of uniform echotexture. Always adjust 
the TGC to the center when changing transducers during 
a study.

•	 Appropriate depth should be adjusted such that the target 
nerve is in the center of the screen with other relevant 
structures in view (e.g., in supraclavicular block, one 
should be able to visualize the subclavian artery, the first 
rib, and the pleura).

•	 The focal point should be adjusted to the where the target 
nerve is.

•	 A systematic approach allows the best image to be 
obtained in a timely fashion, increasing the success rate of 
ultrasound-guided peripheral nerve blocks.

•	 Most neural structures are accompanied by blood vessels 
(pulsatile arteries or compressible veins) or bony land-
marks, which are readily identifiable using ultrasound. 
Color Doppler is useful in this situation to identify blood 
vessels. The color convention is for red to represent blood 
flowing toward the transducer and blue to represent blood 
flowing away from the transducer. Therefore, the knowl-
edge of anatomy is always important to identify nerves 
around these landmarks.

•	 The “traceback” approach (see below) also aids the identi-
fication of a nerve, especially when differentiating between 
similar-looking structures such as tendons or artifacts.

M.L. Noga et al.
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Fig. 4.2  Probe handling during supraclavicular blockade with 
landmark identification of the subclavian artery. Scan across the 
relevant area to obtain a transverse view of the vascular structure 
(in this case the subclavian artery; top). To sharpen the image, rotate 

the probe (clockwise or anticlockwise) or tilt the probe forward and 
backward to achieve a perpendicular beam through the target structure 
(bottom)
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4.3.2	 �Practical Approach: Traceback Method

As with the conventional “blind” approach, knowledge of 
anatomy is of upmost importance when performing periph-
eral nerve blocks under ultrasound guidance. The spatial 
appreciation in relation to the surrounding structures is also 
relevant. In our experience, neural structures are not always 
easy to identify under ultrasound; they can appear hyper- or 
hypoechoic and are sometimes confused with artifacts. 
Nerves are continuous structures, which lend themselves to 
be “traced” proximally and distally. This enables the differ-
entiation from structures with similar appearance (e.g., ten-
dons). In this section, we will describe a systematic 
“traceback” approach [2] to help identify the target nerves 
(within various regions) of commonly used nerve blocks.

•	 Instead of immediately focusing on locating the target 
nerve at the commonly used block site, the goal of this 
exercise is to obtain a clear image of an obvious anatomic 
landmark (i.e., a blood vessel or bony landmark) not too 
far removed from one point along the target nerve’s path.

•	 If suitable, it is generally preferred to perform the block at 
this location due to the dependable anatomical relations.

•	 Otherwise, the operator focuses on the nerve (often in 
short axis by adjusting the transducer as described above 
in probe alignment) and “traces” it toward the block target 
area by moving the ultrasound probe in a proximal or dis-
tal direction along the nerve.

•	 The appearance of surrounding structures (e.g., muscle 
and other soft tissues) changes consistently as the 

probe moves, whereas the appearance of the target 
nerve does not change in any significant manner and is 
traceable.

•	 In this way, we can more easily and reliably identify the 
corresponding nerve or plexus.

For illustration purposes, see Fig. 4.3, which describes a 
traceback practice for facilitating identification of the sciatic 
nerve at the popliteal fossa (using vascular landmark identi-
fication). This approach allows the operator to gain confi-
dence in their ability to recognize and locate the nerves. 
During the training process, we found that the traceback 
approach is an easy and reliable way to become proficient at 
identifying neural structures prior to performing regional 
anesthesia. However, the traceback approach may not be 
necessary in some locations where the larger nerves are more 
easily identifiable, for example, the median nerve in the 
axilla and antecubital fossa and the femoral nerve in the 
inguinal region.

We strongly recommend that the initial step in performing 
ultrasound-assisted regional anesthesia is identification of 
obvious landmarks (usually blood vessels or bony land-
marks) in the vicinity of the target nerve. Table 4.1 lists the 
numerous nerve blocks that can benefit from identification of 
highly visible and dependable structures (i.e., blood vessels 
(especially with color Doppler) and bone) for accurate nerve 
identification. Nonetheless, the traceback technique is useful 
for popliteal nerve for identification of the bifurcation, iden-
tifying the brachial plexus at the interscalene region, or for 
revealing anatomic anomalies.

M.L. Noga et al.
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Identify the tibial (T) nerve lateral to the popliteal artery; scan proximally 
to view its convergence with the common peroneal (P) nerve to become 
the sciatic (S) nerve.

Lateral
S

Fig. 4.3  Traceback approach in the posterior thigh for identification of the sciatic nerve at the popliteal fossa (Adapted from Tsui and Finucane 
[2]. With permission from Wolters Kluwer Health)
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Table 4.1  Useful landmarks for identification of nerves using ultrasound; many can be used in “traceback” approaches

Block Ultrasound landmark Comments

Interscalene Subclavian artery Trace nerve proximally from the distal supraclavicular location where the 
artery lies medial to the nerve

Supraclavicular Subclavian artery Brachial plexus lies lateral and often superior to the artery
Infraclavicular Subclavian artery and vein Brachial plexus cords surround the artery
Axillary Axillary artery Terminal nerves surround the artery
Peripheral nerves
 � Median at antecubital fossa Brachial artery Nerve lies immediately medial to the artery
 � Radial at posterior elbow Humerus at spiral groove Groove is found on posterolateral surface of humerus inferior to the deltoid 

insertion, and the nerve can be located (also adjacent to the deep brachial 
artery) and traced to the anterior elbow

 � Ulnar at medial forearm Ulnar artery The nerve lies medial and adjacent to the artery at the midpoint of the forearm
Lumbar plexus Transverse process Lies between and just deep to the lateral tips of the processes
Femoral Femoral artery Nerve lies lateral to artery (vein most medial). Insert needle above the 

bifurcation of the deep femoral artery
Sciatic
 � Labat Ischial bone Nerve lies lateral to the ischial bone
 � Subgluteal Greater trochanter and 

ischial tuberosity
Nerve lies between the two bone structures

 � Popliteal Popliteal artery Trace back from the popliteal crease where the tibial nerve is adjacent to the 
artery. Scanning proximally to the sciatic bifurcation, the artery becomes 
deeper and at a greater distance from the tibial nerve where it is joined by the 
peroneal nerve

Ankle
 � Tibial (posterior tibial) Posterior tibial artery Nerve lies posterior to the artery
 � Deep peroneal Anterior tibial artery Nerve lies lateral to the artery
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4.4	 �Control of Needle Trajectory

4.4.1	 �Visibility of Needles

•	 Common small-bore, 22G insulated block needles are 
adequate to perform ultrasound-guided blocks in 
children.

•	 Since neural structures are superficial in children, there is 
generally good needle visibility since the increased angles 
of penetration tend to reduce visibility.

•	 A larger-gauge needle, such as the 17G–20G Tuohy nee-
dles used in peripheral nerve block catheterization, can 
also improve visibility.

•	 Manufacturers are constantly improving needles for visi-
bility, and echogenic needles are commercially available 
(Chap. 1).

•	 It is important to be able to visualize the tip of the needle. 
Tilting (Fig. 4.4a), rotating (Fig. 4.4b), and manipulating 
the transducer alignment (Fig. 4.4c) is necessary to ensure 
that the image of the needle includes the tip. This is par-
ticularly important for the out-of-plane approach, since 
the image of the needle is a hyperechoic dot which could 
be interpreted as either the shaft or the tip of the needle on 
the screen (see below).

4  Clinical and Practical Aspects of Ultrasound Use
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a

b

c

Fig. 4.4  Tilting (a), rotating (b), and manipulating (c) the alignment of the ultrasound probe is necessary to visualize the tip of the needle. The 
line on the paper indicates the original axis of the probe
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4.4.2	 �Hand-Eye Coordination

One of the most common errors of the beginner learning 
ultrasound-guided regional anesthesia is to focus their 
attention on the needle in their hand, instead of observing 
the needle position changes on the screen. This is a cardi-
nal error, as important information relating to the needle 
position and the corresponding image will be missed by 
concentrating on the actual needle. Today’s teenage 

population illustrates this point by focusing on the 
onscreen action rather than on the controller when play-
ing a video game (Fig.  4.5). Similarly, an experienced 
laparoscopic surgeon may look directly at their instru-
ments upon initial insertion but will transfer their focus to 
the screen for all subsequent instrument manipulation. 
Although it sounds trivial to stress good hand-eye coordi-
nation, mastering it has been extremely helpful for staff at 
our institution.

Fig. 4.5  Children demonstrating hand-eye coordination focusing on 
the video game screen rather than their hand movements on the control-
ler (Reprinted from Tsui BC, Dillane D. Practical and clinical aspects 
of ultrasound and nerve stimulation-guided peripheral nerve blocks. In: 
Tsui BC, editor. Atlas of ultrasound and nerve stimulation-guided 
regional anesthesia. New York: Springer; 2007. p. 35–48. With permis-
sion from Springer Verlag)
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4.4.3	 �Needling Technique

4.4.3.1	 �In-Plane Technique (Fig. 4.6)

•	 Aligning the needle to the ultrasound plane is an impor-
tant concept to grasp and practice.

•	 In-plane (IP, long-axis, longitudinal, or axial) needling 
approaches with the needle parallel to the ultrasound 
scanning plane have the advantage of allowing continu-
ous control of the needle trajectory due to clear visualiza-
tion of both needle tip and shaft.

•	 The nerve structure is often placed at the edge of the ultra-
sound screen to ensure shallow insertion angle of the 
needle and, therefore, a better visualization.

•	 Good alignment of the needle shaft and scanning plane is 
required and can be attained by paying close attention 
when viewing the needle and probe from above or in an 
axial view.

•	 For practical reasons, it is often advisable to use a small 
footprint linear (e.g., hockey stick) probe or curved array 
probe (e.g., C11) in compact areas, such as the supracla-
vicular fossa. It is critical to use in-plane technique at this 
location (to adequately view the needle to prevent pleural 
puncture), and smaller probes will be beneficial for more 
space to maneuver the needle.

•	 Most commercial needle-guiding tools involve physical 
fixation of the needle aligned in-plane with respect to the 
ultrasound beam; such an apparatus is not only expensive 
and cumbersome to use but often limits fine adjustment of 
needle placement and requires extra long needles (Fig. 4.7).

•	 A GPS needle tracking device is available which provides 
real-time information of where the needle should be 
maneuvered for the target area (Chap. 3).

•	 In contrast, the freehand technique requires excellent 
coordination to align and maintain the needle in plane to 
the ultrasound beam in order to visually track the advance-
ment of the needle toward the target in real time; accord-
ingly, the freehand technique often requires a steep 
learning curve.

•	 Tsui [3] developed a method of needle-probe alignment 
using a laser attachment for the probe (Fig. 4.8); the laser 
line will project onto both the needle shaft and the midline 
of the probe, indicating an in-plane position. Alternatively, 
a commercially available laser attachment for the needle 
(SonoGuide, Pajunk, Geisingen, Germany) is also avail-
able and operates with a similar concept (Fig. 4.9).

•	 It should be noted that the in-plane approach can be per-
formed as a single shot or catheter insertion when the tar-
get nerve is scanned both in a short-axis (cross-sectional 
view) or a long-axis (longitudinal view).

Fig. 4.6  Needle (green arrow), including tip and shaft during an in-
plane approach

Fig. 4.7  Commercial biopsy needle attachment. The fixed needle has a 
limited trajectory and has to be extra long (Reprinted from Tsui BC, 
Dillane D.  Practical and clinical aspects of ultrasound and nerve 
stimulation-guided peripheral nerve blocks. In: Tsui BC, editor. Atlas 
of ultrasound and nerve stimulation-guided regional anesthesia. 
New York: Springer; 2007. p. 35–48. With permission from Springer 
Verlag)
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Fig. 4.8  Alignment of the block needle and ultrasound beam using a 
laser line (Reprinted from Tsui [3]. With permission from Wolters 
Kluwer Health)

Fig. 4.9  Commercially available laser attachment for block needle
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4.4.3.2	 �Out-of-Plane Technique:  
Walkdown Approach

•	 Out-of-plane (OOP; tangential, short-axis) alignment of 
the needle to the scanning plane can be useful in several 
block locations (e.g., popliteal, terminal nerves of the 
forearm, ankle blocks), but the separation between the 
needle tip and proximal shaft can be poorly defined.

•	 OOP needling can be difficult since the needle shaft can 
easily be mistaken for the needle tip (Fig. 4.10).

•	 Needle tip imaging can be improved by using shallow ini-
tial puncture angles since the tip appears as a bright dot at 
these angles.

•	 An approach that can improve needle tip visibility when 
using OOP approaches with linear probes involves calcu-
lating the required depth of puncture (with measurement 
to the related neural structure recorded using ultrasound 
prior to the block) and using trigonometry with the shaft 
angle and length to calculate a “reasonable” distance to 
place the initial needle puncture site (Fig. 4.11) [4].

•	 The initial shallow puncture will be easily seen, and the 
needle tip can be followed as it is walked down to the final 
calculated depth. For example, if the final depth of pene-
tration for the block is 2 cm, the needle will ultimately 
obtain a 45° angle if the initial puncture site is 2 cm from 
the probe and the needle is incrementally angled to this 
level [5]. This approach works best for structures that are 
≤2 cm deep.

•	 For target nerves deeper than 2  cm, a long needle is 
required. It is impractical to have the needle insertion site 

greater than 2 cm away from the probe since there will be 
a relatively large “blind” needling area. In this situation, 
the needle should be inserted almost perpendicularly (i.e., 
the needle placed just adjacent to the probe which means 
that in reality, it will be 0.5 cm away from the ultrasound 
beam). Again, applying the principles of trigonometry, a 
distance ≤1  cm between the needle and the ultrasound 
beam becomes negligible as the target depth increases, 
and the needle insertion depth becomes comparable to the 
target depth (Fig.  4.12). For instance, the difference 
between the depth of needle insertion and the actual depth 
of the target is minimal when the needle is directly adja-
cent to the transducer with a maximum distance of 1 cm 
away from the ultrasound beam:

2 1

2 2

2 2
cm target depth cm insertion distance

cm needle len

( ) + ( )( )
= . ggth required

Therefore, this approach helps clinicians to determine if 
the hyperechoic dot on the ultrasound image is the needle 
tip by correlating it to the length of the needle inserted.

•	 The nerve structure is often placed in the center of the 
screen to guarantee that aligning the needle puncture with 
the center of the probe will ensure close needle tip-nerve 
alignment.

•	 The choice of probe, whether linear or curved, can be 
altered depending on the anatomical situation.

•	 The OOP approach usually works well when the target 
nerve is scanned in a short-axis (cross-sectional view) for 
both single shot and catheter insertion.

M.L. Noga et al.
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a b

Fig. 4.10  Needle tip (a) and shaft (b) in an out-of-plane approach. Green arrows indicate needle position
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Fig. 4.11  Walkdown approach to 
optimize out-of-plane needle 
visibility and tracking. The steep 
angles (left) often used limit the 
visibility of needle tips, while 
shallower angles (right) improve 
visibility. Incremental needle 
angulation (with two to three 
insertion angles from shallow to final 
45°) can improve needle tracking. 
The trigonometric relationship, using 
an ultrasound-measured target depth, 
will allow an estimate of the target 
needle insertion site, directing the 
needle to the target location at a final 
angle of 45° (Adapted from Tsui and 
Dillane [4]. With permission from 
Wolters Kluwer Health)
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