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Foreword

Fam deeply Lonsred 1o write the foreword to the seventh edition of Brown’ Atlas of Regional Anesthesia, co-edited by Drs.
Ehab Farag cid Loran Mounir-Soliman.
As aswepeon sed chiel o stafll 1 appreciate and value staying up to date with the latest advancements in the field of

reglonal anesthiess, ond this atlas has served as a trusted resource for clinicians for decades since its initial publication in
1992, The atest o felenhich Phiab and Loran and their impressive roster of expert contributors extensively updated and
revised, promises L b widispensable tool for physicians and trainees alike.

I have bad the picasare of working with both Ehab Farag and Loran Mounir-Soliman in various capacities over the years,

and Lam continea !y s d by their expertise and dedication to their work. Our paths have intertwined as professional
colleagues at Clevoban tCiien ar nearly 15 years, allowing me to witness their exemplary skills and dedication to patient
care. Their exceptioe Dl dorhip in the field sets them apart and places them at the forefront of regional anesthesia. Both
are accomplisied oesticsiviogists and educators, and their leadership in the field is widely recognized. As you read on,
vou will suon discover win

This update represcnis o subsiantial overhaul of its predecessors. As you delve into this edition, you will quickly recognize
one of its most remarkable atiributes —the sheer comprehensiveness it offers. The co-editors and their team have meticulously
revised existing chapters and added new ones, covering new blocks to the upper and lower limbs. This version also includes
chronic pain blocks that can be periormed by acute pain physicians using ultrasound. One unique feature found in this
edition for the first time is the ultrasound blocks for upper airway management such as superior laryngeal nerve and recur-
rent laryngeal nerve blocks,

Another notable feature is that the anatomy chapters have been completely rewritten. Dr. Drake, editor of Gray’s Anatomy
Jor Students, contributed 1o ihe anatomy chapters, adding an essential and invaluable perspective. The added gift of Dr.
Drakes expertise enhances an already impressive resource and elevates it to a new level of excellence.

With an eye to inclusiveness, the atlas broadened its reach 1o encompass dentists who explained dental nerve blocks,
providing valuable insights for dentists and enhancing the relevance of this resource across a range of specialties.

An additional standout feature is the incorporation of a unique time-out checklist, designed to be implemented before
procedures, ensuring utmost patient safety. Complementing these enhancements, the accompanying videos have been entirely
revised, offering a more comprehensive and informative visual learning experience compared with previous versions.

The seventh edition of Brown’s Atlas of Regional Anesthesia is an impressive accomplishment, reflecting the tireless efforts
of both co-editors and an ever-expanding list of contributors. The breadth and depth of coverage make this edition an
essential resource for anyone interested in the latest clinical perspectives on regional anesthesia.

Qur organization is committed to promoting the highest standards of patient care and believes that this book will advance
that goal by providing clinicians with the tools and knowledge they need to provide safe and effective regional anesthesia.
I highly recommend this edition to all clinicians, educators, and trainees in the field.

Beri Ridgeway, MD
Chief of Staff
Cleveland Clinic




Preface to the Seventh Edition

Itis with great pleasure and enthusiasm that we present this latest edition of Brown’ Atlas for Regional Anesthesia. In crafting
this teration, we have undertaken a significant transformation, marked by the integration of novel blocks, the enlistment
of fresh pecspectives through new authorship, and a comprehensive reimagining of the multimedia components within the
atlas. Thiis edition stands as a testament to our unwavering commitment to the advancement of regional anesthesia knowl-
edge and pracuice

A hallmack of 19is sdition is the incorporation of innovative block techniques, including but not limited to the PENG
block, cervical mter slane blocks, and axillary nerve blocks, each enhancing the breadth and depth of our coverage.
Notably, we have expanded our purview to encompass the intricacies of nerve supply within the shoulder and knee, a dis-
tinctive fealure thal sels this vdition apart,

Breaking new ground., this atlas pioncers the inclusion of ultrasound techniques for upper airway blocks, notably address-
ing the superior laryngeal nerve, recurrent laryngeal nerve, and glossopharyngeal nerve blocks. Furthermore, we embrace
a holistic approach by introducing chronic pain blocks, equipping acute pain physicians to perform procedures such as
pecipital nerve blocks and szcroihac joint injections with confidence.

In recognition of the sumbiotic relationship between dentistry and anesthesia, dental blocks have been authored meticu-
lously by dental professionals, enriching this edition’s value for both dentists and physicians engaged in dental anesthesia
procedures,

Acknowledging the pivetal role of foundational anatomy knowledge in mastering regional anesthesia, we are privileged
to have engaged Dr. Richard Drake, esteemed chief editor of Grays Anatomy for Students, to meticulously rearticulate the
anatomy chapters. His specialized expertise has endowed these chapters with a level of clarity and insight unparalleled in
the field.

To ensure the currency and relevance of this edition, we have updated existing chapters meticulously, removing unused
traditional landmark techniques. The atlas retains its hallmark clarity, ensuring that techniques are not just comprehensible
but eminently practicable.

Integral to the multimedia narrative, the videos in this edition have been reenvisioned under the masterful direction of
Dr. Escolar from Spain. His artistic acumen has redefined our visual pedagogy, imbuing each video with instructional depth
while preserving the accessibility that has defined our atlas.

Aspiring to be more than a reference, this edition transforms into a virtual workshop. Through a synergy of textual elu-
cidation and visual demonstration, it cultivates a comprehensive learning experience, nurturing proficiency from every
angle.

Heartfelt appreciation extends to Mr. Joe Kanasz for his consummate artistic talents and unwavering dedication in illus-
trating the figures that enrich this edition. We also extend our profound gratitude to Kayla Wolfe, Vaishali Singh, Dr. Ambika
Kapoor, and the entire publishing team at Elsevier for their tireless commitment and invaluable contributions.

Our ultimate aspiration is for this edition to be a beacon of knowledge and guidance. May it empower readers to glean
profound insights, refine their skill sets, and embark upon regional anesthesia procedures with confidence.

Editors
Ehab Farag, MD, FRCA, FASA
Loran Mounir-Soliman, MD



Preface to the Sixth Edition

What noller caployaremi or sore ddvaeitageons to snankind than that of the anai who correctly instructs the rising
weneration?
Cicaro

In this new edition of Browns Atlas of Regional Anesthesia we have tried our best to make those words of Cicero our motto.
Since the last edition, several new blocks, specifically interfascial plane blocks, have been added to our clinical practice,
including serratus anterior, PECS, erector spinae blocks, and many more. Therefore, in this edition we tried our best to
delve deeper and to add all the nuances in the field of regional anesthesia. Furthermore, we added a new chapter for regional
anesthesia writlen by aoworld - recowned obstetric anesthesiologist, Dr. Cynthia Wong. We have recruited well-versed authors
in the field of regional anesihesia from both the United States and Europe to enrich the content of the text. In this edition,
we tried 1o maintain the themse that characterizes Brown’s Atlas from its first edition, which is the simplicity and easily
performed technigues that can be routinely adopted in everyday clinical practice. All the videos in this edition, as in the
previous one, have been perforimed on real patients in order to transform the atlas into a virtual workshop that can be
used by physicians in their clinical practices. Moreover, we not only included the largest library of videos covering virtually
every block in the alas, but we also added an introductory video by Dr. Seif that discusses in detail commonly performed
blocks. We hope this new edition will be useful to everyone interested in regional anesthesia from the novice to the master
in the feld.

We would like to express our gratitude to Drs. John Seif and Vicente Roqués-Escolar for their invaluable help in making
the videos of the new edition. We would like to thank Mr. Joe Kanasz and Brandon Stelter for their extraordinary medical
illustrations and video production, as well as Mrs. Tanya Smith, our editorial assistant, and Laura Klein and Sarah Barth
[rom Elsevier for their generous help and support during the production process of this new edition.

Editors
Ehab Farag, MD, FRCA, FASA
Loran Mounir-Soliman, MD




Preface to the Fifth Edition

Regional anesthesia is one of the fundamental pillars of modern anesthesia. The Atlas of Regional Anesthesia by Dr. David
Brown has become a classic textbook for regional anesthesia since its first edition in 1991. Since the last edition published
in 2010, the use of ulirasound has changed the map of the practice of regional anesthesia. In this new edition, now Brown’s
Atlas of Regional Anesthesia, we combined the classical techniques from the original atlas with updated techniques and
blocks using ultrasound. We believe the eyes do not see what the brain does not recognize. Therefore we felt it was important
to include a number of ultrasound images and figures that identify the optimal position of the needle, as well as the best
position of the patient and the anesthesiologist during the procedure. We have tried to retain the simplicity of the original
atlas through sell-explanatory figures and a few purposelul pearls to demonstrate the block performance, We tried to limit
the techniques to the most commonly used and routinely adopted in our practice. Moreover, we have added videos of real
patients for betier clarification, showing real-time blocks performance in addition to advanced techniques using peripheral
nerve catheters. Our aim is to transform the atlas into a virtual workshop that enables the reader to feel comfortable with
the procedures after reading the text and watching the video. In this new edition we did rewrite all the blocks using ultra-
sound and added new blocks like subcostal, quadratus lumborum, paravertebral, adductor canal, and many more. We have
added new chapters on regional anesthesia pharmacology and on regional anesthesia using ultrasound in pediatric patients.
We hope this new edition will be useful to anyone interested in learning regional anesthesia or in mastering regional
anesthesia.

We would like o thank Mr. Joe Kanasz for his extraordinary medical illustrations; Mrs. Mariela Madrilejos, our editorial
assistant; Ms. Carole McMurray and Mr. William Schmitt from Elsevier for their help and incessant support during the

production process of this edition.

Editors
Ehab Farag, MD, FRCA
Loran Mounir-Soliman, MD
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Video 24.1: Adductor Canal Block.

Video 25.1: Femoral Triangle Nerve Block.
Video 26.1: iPACK Block.

Video 28.1: Dual Sartorius Block.

Video 30.1: Cervical Plexus Block.

Video 32.1: Stellate Ganglion Block.

Video 33.1: Airway.

Video 38.1: PECS and Pectointercostal Blocks.
Video 39.1: Serratus Plane Block.

Video 40.1: Intercostal Merve Block.

Video 41.1: Thoracic Paravertebral Block.
Video 42.1: Erector Spinae Plane Block.

Video 45.1: External Oblique Intercostal Plane Block.
Video 46.1: Rectus Sheath Block.

Video 47.1: Transversus Abdominis Plane Block.
Video 49.1: Quadratus Lumborum Block.
Video 50.1: Lumbar Neuraxial Blocks.

Video 53.1: Caudal Block.

Video 56.1: llicinguinal/Ilichypogastric Nerve Block.
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Key Poinis

® Regional anesthesia is an evolving field that incorpo-
rates the use of 3 variely of local anesthetics, corre-
sponding adjuncts, and cxtended-release formulations.

® Local anesthetics target voltage-gated sodium chan-
nels in order to prevent further transmission of neu-
ronal signals,

@ Local anesthetics can be classified based on chemical
structure {amino estess and amivc amides), duration
of clinical effect, and other pharmacodynarnic
parameters.

© Amino esters: cocaine, procaine, chloroprocaine, tet-
racaine, and benzocaine.

®* Aminc amides: lidocaine, prilocaine, etidocaine,
mepivacaine, ropivacaine, and bupivacaine.

® liposomal bupivacaine is an extended-release for-
mulation and is approved for single-dose infiltration
and interscalene brachial plexus blockade in adults.

¢ Local anesthetic adjuncts are utilized to provide
additional clinical benefit, maximize efficacy, and/or
prolong the duration of action of a local anesthetic.

* Common adjuncts include wvasoconstrictors (epi-
nephrine, norepinephrine, and phenylephring),
buprenorphine, clonidine, dexmedetomidine, and
dexamethasone.

* Local anesthetic systemic toxicity [LAST) is an inher-
ent risk and requires timely identification as well as
prompt initation of treatment (lipid emulsion
therapy).

® Understanding the pharmacological properties and
relative application of local anesthetics allows pro-
viders to utilize these agents safely and effectively in
the clinical setting.

Regional anesthesia is a field that is constantly evolving
as novel techniques and unique local anesthetic formula-
tions are utilized in a wide range of clinical scenarios. The
incorporation of regional anesthesia continues to benefit
many aspects of patient care, inciud'mg el-nhanr:a:f.i analge-
sia, patient satisfaction, reduced ::-pmu‘l requirements,
shortened hospital length of stay, and mprm:r:d fune-
tional outcomes. In fact, regional anesthesia, when

indicated and feasible, has become a recommendation in
current guidelines for enhanced recovery after surgery. In
the perioperative environment, a variety of regional anes-
thesia techniques can be utilized, including neuraxial
anesthesia (spinal, epidural, or caudal), peripheral nerve
blocks, fascial plane blocks, and field blocks, as well as
intra- or periarticular injections. With the utilization of
relevant anatomy, nerve stimulators, and ultrasonography-
guided techniques, regional anesthesia has become an
effective and reliable tool in the clinical setting.

In the context of regional anesthesia, it is essemtial to have
a thorough understanding of local anesthetics, including
their mechanism of action, pharmacokinetics, and relevant
application, The use of specific local anesthetic formula-
tions, adjuncts, delayed-release formulations, and continu-
ous catheter systems each have an impact on the effect
provided by a particular regional anesthesia intervention.
Therefore the appropriate local anesthetic formulation must
be considered for each patient scenario, corresponding
regional technique, and intended outcome. This chapter will
provide detail on these relevant concepts and discuss the
important aspects of pharmacology that impact the practice
of regional anesthesia.

Local anesthetics are classified based on their chemical
composition and can vary according to pharmacodynamic
parameters, including duration of action. The decision to
choose a certain local anesthetic, as well as potential
adjuncts, is dictated by the goal of the intervention and the
anticipated time of effect. For example, to achieve surgical
anesthesia using a peripheral nerve block, it would be ideal
to utilize a longer-acting local anesthetic with the highest
tolerated concentration to achieve this intended effect. In
the context of pain management, understanding the pain
trajectory experienced by a patient will determine the type
of regional anesthesia intervention performed as well as the
choice of local anesthetic and strategies for prolonged
analgesia,

In terms of mechanism of action, local anesthetics primar-
ily target voltage-gated sodium channels on the inner surface
of the nerve cell membrane during depolarization when the
channels are in an open or inactivated state (Fig. 1.1). This
mechanism of action prevents further transmission of neu-
ronal signals along myelinated and nonmyelinated fibers.
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Fig. 1.1 Mechamsm of action of local anesthetics.

VRIS

*Subarachnoid block.
tFoe lower extia ity Sulgery.

Fig. 1.2 Local anesthetic duration of actien in the context of various regional anesthesia interventions finfiltration, peripheral nerve
biocx, spinal [SAE], epidurall. Time measurements are provided in minutes of surgical anesthecia. Egj, Epmephrir;a: SAB, subarachnoid

Block.

The clinical effect provided by local anesthetics varies along
a timeline as most agents are generally classified as short-,
intermediate-, or long-acting. This distribution of differences
among local anesthetics is displayed (Fig. 1.2), in addition
1o the effects provided by adjuvant drugs (vasoconstrictor
agents), for a variety of regional anesthesia interventions,
Al local anesthetics share the basic structure of an aro-
matic end, intermediate chain, and amine end (Fig. 1.3),
This basic structure is further subdivided into two classes

of local anesthetics: amino esters and amino amides (Fig.
1.4). The amino esters possess an ester linkage between the
aromatic end and the intermediate chain. These agents
include 1:!.']1:..‘.|imarpr..;:m:ai_r_u;F l-chlumpr(xﬂine, and tetracaine
(Fig. 1.5). On the other hand, the amino amides contain
an amide link between the aromatic end and the intermedi-
ate chain. These local anesthetics include lidocaine, prillu-
Him‘:.I:EI-ducaine,m:.*piwcaim:,buplvnminc,ﬂnd ropivacaine

(Fig. 1.5).
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Fig. 1.2 Basic chemical structure of local anesthetic.
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Cocaine was the first local anesthetic used clinically and,
although limited in utility today, it remains an effective
agent for achieving topical anesthesia, such as in transsphe-
noidal pituitary resections. Due o its unique quality as a
vasoconstrictor, cocaine can be used to provide topical
anesthesia as well as decrease congestion along mucous
membranes during airway management techniques.
However, due to its addictive qualities and risk for abuse,
cocaine is often substituted with alternative formulations
(i.e., lidocaine with phenylephrine) as a way (o achieve

similar clinical results.

Pharmacology

AMING ESTERS
h il

Tetracaine

AMING AMIDES

Bupivacaing

Ropivacaine

Fig. 1.5 Chemical structure of various aming ester and amino
amide lecal anesthetics.
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Procaine was synthesized in 1904 by Alfred Einhorn, who
at the time was looking for a drug that was superior to
cocaine and other solutions. Its qualities include a slow
onset, short duration of action, low potency, and limited
tissue penetration. Despite it seldom being used for periph-
eral nerve blocks or epidural anesthesia due to these quali-
ties, it does function as an effective local anesthetic for skin
infiltration. In addition, the 10% procaine formulation can
be used as a short-acting (i.e., lasting <1 hour) local anes-
thetic in spinal anesthesia.

1
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Chloroprocaine is characterized by rapid onset and a
short duration of action. Its principal use has been in the
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context of epidural anesthesia for emergent cesarean deliv-
ery or short procedures (i.e., lasting <1 hour). Itz use
declined during the early 1980s after reports of prolonged
sensory and motor deficits resulting from unintentional
subarachnoid administration. The adverse effects were
attributed to its low pH and the use of sodium metabisulfite
as a preservative in the solution. As a result of these find-
ings, a newer drug formulation was created using ethylene-
diaminetetraacetic acid (EDTA) as a preservative. However,
even with this substitution, the use of intrathecal chlora-
procaine as part of spinal anesthesia is limited.
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Tetracaine was first synthesized in 1931 and has become
widely used in the United States for spinal anesthesia. It can
be used as an isobaric, hypobaric, or hyperbaric solution
for spinal anesthesia. Without epinephrine as an additive,
tetracaine administered for spinal anesthesia typically lasts
1.5 to 2.5 hours. However, with the addition of epinephrine,
its effects can last up to 4 hours, which is beneficial for
prolonged cases, such as lower extremity procedures.
Tetracaine is also effective for achieving topical anesthesia,
although caution must be used due to the potential for
systemic side effects. Tetracaine is available as a 1% solution
for intrathecal use or as anhydrous crystals that are recon-
stituted by adding sterile water immediately before use.

Eduard Ritsert synthesized benzocaine in 1900,

Benzocaine is a derivative of the organic compound para-
aminobenzoic acid (PABA). The most common uses of this
local anesthetic are dentistry and awake endotracheal intu-
bations because it is available in lozenges, sprays, acrosols,
creams, and gels in different concentrations (5%, 10%, and
20%). The maximum recommended dose is 7 mg/kg. Due
to its related structure 1o PABA, benzocaine can cause mel-
hemoglobinemia. Thus it is contraindicated in children
vounger than 2 years of age, patients with a history of
methemoglobinemia, and those with glucose-6-phosphate
deficiency. Methemoglobinemia results from the ability of
the metabolite nitrobenzene to reduce the oxygen-binding
capacity of hemoglobin by the oxidation of iron (Fe2* to
Fed*). Treatment for methemoglobinemia includes the
administration of 1% methylene blue and supportive mea-
sures (supplemental oxygen).

AMINO AMIDES

Nils Lofgren introduced lidocaine in 1948, with it ultimately
becoming one of the most widely used local anesthetics due
to its many beneficial properties. These attributes include
its inherent potency, rapid onset of action, effective tissue
penetration, and strength of effect when administered in

the setting of infiltration, peripheral nerve blockade, and
both epidural and spinal anesthesia. For peripheral nerve
blocks, the 1% to 1.5% lidocaine solution is often effective
in producing a quick onset of motor and sensory blockade.
For epidural anesthesia, the 2% solution is most often uti-
lized to achieve the intended effect, On the other hand, for
spinal anesthesia, a 5% lidocaine solution in 7.5% dextrose
is most commonly used, although it may also be used as a
0.5% hypobaric solution or a short-acting 2% solution.
The concern with the use of lidocaine solutions for spinal
anesthesia has been due to the described risk of transient
neurological symptoms (TNS). TNS are characterized by
transient pain in the buttocks, thighs, and legs that accurs
without any associated neurological dysfunction. Therefore
it has been suggested to use lower concentrations of lido-
caine solutions for spinal anesthesia or to avoid using lido-
caine completely in these settings due to its propensity to
cause TMS. On another note, among all other local anes-
thetics, lidocaine is most often reported by patients as
causing allergic reactions. However, it should be noted that
many of these reported allergies are actually expected sys-
temic reactions to epinephrine that result from the partial
intravascular injection of the lidocaine-epinephrine
mixture.

Of note, lidocaine is the only local anesthetic used sys-
temically to provide an analgesic effect. Clinical evidence
indicates that intravenous lidocaine infusion moderately
reduces opioid use and slightly improves pain scores intra-
and postoperatively, respectively. An infusion dose rate of
1.5 1o 2 mg/kg'h is routinely used 1o limit the risk of sys-
temic toxicity.
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Prilocaine is structurally related to lidocaine, although it
causes significantly less vasodilation in comparison and
thus can be used effectively without the need for epineph-
rine as an additive. Prilocaine is formulated for infiltration,
peripheral nerve blocks, and epidural anesthesia. As men-
tioned earlier, its anesthetic profile is similar to that of
lidocaine, although it has less potential for systemic toxicity
when administered in similar doses. These attributes make
prilocaine partic ularly useful for intravenous regional anes-
thesia. However, prilocaine is not as widely used due to its
metabolic byproducts, orthotoluidine and nitrotoluidine,

which ultimately serve as agents in methemoglobin
formation,

N/C?Hﬁ
“CaHy

Etidocaine is chemically related to lidocaine and serves
2s a long-acting local anesthetic. It has a quicker onset of
action than bupivacaine but is used less frequently overall
among clinicians. Some practitioners will use elidocaine as
an initial agent inan epidural dose and then use bu pivacaine



for subsequent epidural injections. Etidocaine is associated
with profound motor and sensory blockade: thus it is best
used when these outcomes offer a clinical advantage,
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Mepivacaine is structurally related to lidocaine, and the
two drugs have similar onset of action, Motably, mepiva-
caine is slightly longer acting than hidocaine, and this dif-

ference in dvoratien of action is accentuated when

epinephrine is added 1o the focal enesthetic solution,
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Ropivacaine is a long-acting local anesthetic and was
introduced in the United States in 1996, It is similar to
bupivacaine but may offer a clinic al advantage as il appears
to be less cardiotoxic in comparison. lnitial studies also
sugnest thal ropivacaing may §>.|lu'li«.'r less motor blockade
than bupivacaine, yet provide # stmilar magnitude of anal-
gesia. Ihis advantage would be beneficial for any motor-
sparing regional anesthesia techniques that are focused on
facilitating patient mobility. Ropivacaine formulations that
are most often used include concentrations of 0.2% to 1%.
Many individuals prefer ropivacaine due to its particular
advantages for postoperative analgesic infusions and in the
context of obstetric analgesia.
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Bupivacaine is a long-acting local anesthetic that can be
used for infiltration, peripheral nerve blocks, as well as
epidural and spinal anesthesia. Most common concentra-
tions of bupivacaine solution range from 0.125% to 0.75%.
Adjustments in bupivacaine concentration ultimately
impact the extent of sensory and motor blockade. Lower
concentrations of solution will primarily provide sensory
blockade, and as higher concentrations are used, motor
blockade becomes apparent and more significanl. For
example, 0.5% bupivacaine solution is often used in periph-
eral nerve blocks to achieve full motor and sensory blockade
as part of a surgical block.

Cardiotoxicity following systemic reactions with bupiva-
caine became a concern in the 1980s. Although it is clear
that bupivacaine alters myocardial conduction more dra-
matically than lidocaine, the need for appropriate and rapid
resuscitation during any LAST scenario cannot be overem-
phasized. Of note, levobupivacaine is the single r.‘l‘tal':lin]l'ner
(L-isomer) of bupivacaine and is less potent thanlhuput.rn-
caine but more potent than ropivacaine. Lembu[:lrwac:fmu
has a lower risk of potential cardiotoxicity than bupivacaine,
yet maintains its pharmacokinetic profile and clinical effects
similar to those of standard racemic bupivacaine.

Pharmacology

Liposomal bupivacaine {(Exparel: Pacira BioSciences
Inc., Parsippany, NI, USA) has become clinically available
in more recent years, Liposomal bupivacaine is an inject-
able suspension that provides a slow, continuous release of
bupivacaine following initial administration and has a
theoretical duration of effectiveness of up to 72 hours, It
is approved for single-dose infiltration in patients above
the age of 6 years and adult patients undergoing intersca-
lene brachial plexus blockade for postoperative analgesia,
Presently, it is not recommended to administer liposomal
bupivacaine as part of epidural and intrathecal formula-
tions, intraarticular injections, or regional anesthesia inter-
ventions, aside from interscalene brachial plexus blocks,
The maximum dose should not exceed 266 mg (20 mL of
liposomal bupivacaine solution). The solution can be
mixed with plain bupivacaine hydrochloride {no more than
1:2 mg dose ratio, bupivacaine hydrochloride:liposomal
bupivacaine) or saline for volume expansion, Additional
use of local anesthetics should be avoided for a period of
96 hours following the initial administration of liposomal
bupivacaine,

Liposomal bupivacaine has gained significant inlerest as
a strategy to provide a prolonged analgesic effect in the
setting of surgical wound infiltration and regional anesthe-
sia interventions. Although initial findings from studies
were reassuring, in more recent evaluations, liposomal
bupivacaine has not exhibited convincing and/or consistent
evidence supporting its use over standard local anesthetic
formulations. Therefore strategies for achieving prolonged
analgesic effects should focus on the use of catheter-based
technigues and the utilization of long-acting local anesthet-
ics in combination with adjuncts. These adjuncts include
medications such as dexamethasone, clonidine, and dex-
medetomidine, all of which will be discussed in the next
section.

Another extended-release formulation, composed of a
combination of bupivacaine and meloxicam, is currently
approved for soft tissue (i.e.. abdominal surgery) and peri-
articular instillation (i.e., arthroplasty). However, a recent
meta-analysis concluded that the added clinical benefit of
this combined formulation was marginal when compared
to standard bupivacaine.
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[LOCAL ANESTHETIC ADJU

The use of adjuncts involves the addition of one or more
pharmacologic agents to the local anesthetic formulation.
The goal of utilizing these adjuncts is to provide additional
clinical benefit, maximize efficacy, and/or prolong the
duration of action of a particular local anesthetic
solution.

VASOCONSTRICTORS

Vasoconstrictors are often added to local anesthetics to
prolong the duration of action, enhance the quality of anal-
gesia, and function as markers of intravascular injection.
The mechanism of action of these adjuvant drugs is at least
partially attributed to vasoconstriction and delayed sys-
temic absorption in the surrounding tissue. Further, it
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context of epidural anesthesia for emergent cesarean deliv-
ery or short procedures (ie, lasting <1 hour). Its use
declined during the early 19805 afier reports of prolonged
sensory and motor deficits resulting from unintentional
subarachnoid administration. The adverse effects were
attributed toits low pH and the use of sodium metabisulfite
as a preservative in the solution. As a result of these find-
ings, a newer drug formulation was created using ethylene-
diaminetetraacetic acid (EDTA) as a preservative. However,
even with this substitution, the use of intrathecal chloro-
procaine as part of spinal anesthesia is limited.
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Tetracaine was first synthesized in 1931 and has become
widely used in the United States for spinal anesthesia. It can
be used as an isobaric, hypobaric, or hyperbaric solution
for spinal anesthesia. Without epinephrine as an additive,
tetracaine administered for spinal anesthesia rypically lasts
1.5 10 2.5 hours. However, with the addition of epinephrine,
its effects can last up to 4 hours, which is beneficial for
prolonged cases, such as lower extremity procedures.
Tetracaine is also effective for achieving topical anesthesia,
although caution must be used due to the potential for
systemic side effects. Teiracaine is available as a 1% solution
for intrathecal use or as anhydrous ervstals that are recon-
stituted by adding sterile water immediately before use.

Eduard Ritsert synthesized benzocaine in 1900,

Benzocaine is a derivative of the organic compound para-
aminobenzoic acid (PABA). The most common uses of this
local anesthetic are dentistry and awake endotracheal intu-
bations because it is available in lozenges, sprays, acrosols,
creams, and gels in different concentrations (5%, 10%, and
20%). The maximum recommended dose is 7 mg/kg. Due
1o its related structure to PABA, benzocaine can cause met-
hemoglobinemia. Thus it is contraindicated in children
younger than 2 years of age, patients with a history of
methemoglobinemia, and those with glucose-6-phosphate
deficiency. Methemoglobinemia results from the ability of
the metabolite nitrobenzene to reduce the oxygen-binding
capacity of hemoglobin by the oxidation of iron (Fe2* to
Fe37). Treatment for methemoglobinemia includes the
administration of 1% methylene blue and supportive mea-
sures (supplemental oxygen).

AMINO AMIDES
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Nils Lofgren introduced lidocaine in 1948, with it ultimately
becoming one of the most widely used local anesthetics due
to its many beneficial properties. These attributes include
its inherent potency, rapid onset of action, effective tissue
penetration, and strength of effect when administered in

the setting of infiliration, peripheral nerve blockade, and
both epidural and spinal anesthesia. For peripheral nerve
blocks. the 1% to 1.5% lidocaine solution is often effective
in producing a quick onset of motor and sensory blockade.
For epidural anesthesia, the 2% solution is most often uti-
lized to achieve the intended effect. On the other hand, for
spinal anesthesia. a 5% lidocaine solution in 7.5% dextrose
is most commonly used, although it may also be used as a
0.5% hypobaric solution or a short-acting 2% solution.

The concern with the use of lidocaine solutions for spinal
anesthesia has been due to the described risk of transient
neurological symptoms (THNS). TNS are characterized by
transient pain in the butlocks, thighs, and legs that occurs
without any associated neurological dysfunction. Therefore
it has been suggested to use lower concentrations of lido-
caine solutions for spinal anesthesia or to avoid using lido-
caine completely in these settings due to its propensity to
cause TN3. On another note, among all other local anes-
thetics, lidocaine is most often reported by patients as
causing allergic reactions, However, it should be noted that
many of these reported allergies are actually expected sys-
temic reactions 1o epinephrine that result from the partial
intravascular injection of the lidocaine-epinephrine
mixture.

Of note, lidocaine is the only local anesthetic used sys-
temically to provide an analgesic effect. Clinical evidence
indicates that intravenous lidocaine infusion moderately
reduces opioid use and slightly improves pain scores intra-
and postoperatively, respectively. An infusion dose rate of

1.5 to 2 mglkg/h is routinely used to limit the risk of sys-
lemic toxicity.
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Prilocaine is structurally related to lidocaine, although it
causes significantly less vasodilation in comparison and
thus can be used effectively without the need for epineph-
rine as an additive. Prilecaine is formulated for infiltration,
peripheral nerve blocks, and epidural anesthesia. As men-
tioned earlier, its anesthetic profile is similar to that of
lidocaine, although it has less potential for systemic toxicity
when administered in similar doses. These attributes make
prilocaine particularly useful for intravenous regional anes-
thesia. However, prilocaine is not as widely used due to its
metabolic byproducts, orthotoluidine and nitrotoluidine,
which ultimately serve as agents in methemoglobin
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Fridocaine is chemically related to lidocaine and serves
as a long-acting local anesthetic. It has a quicker onset of
action than bupivacaine but is used less I'r:*:qum_ltlgfr overall
among clinicians. Some practitioners will use ﬂldﬂ:ﬂﬂ]l'ltz as
aninitial agentinan epidural dose and then use bupivacaine



for subsequent epidural injections. Etidocaine is associated
with profound motor and sensory blockade; thus it is best
used when these outcomes offer a clinical advantage.
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Mepivacaine is structurally related to lidocaine, and the
two drugs have similar onset of action. Notably, mepiva-
caine is slightly longer acting than lidocaine, and this dif-
ference in duration of action is accentuated when
epinephrine is added 1o the local anesthetic solution,
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Ropivacaine is a long-acting local anesthetic and was
introduced in the United States in 1996. [t is similar 1o
bupivacaine but may offer a clinical advantage as it appears
to be less cardiotoxic in comparison. Initial studies also
suggest that ropivacaine may produce less motor blockade
than bupivacaine, yet provide a similar magnitude of anal-
gesia, This advantage would be beneficial for any motor-
sparing regional anesthesia techniques that are focused on
facilitating patient mobility. Ropivacaine formulations that
are most often used include concentrations of 0.2% 1o 1%.
Many individuals prefer ropivacaine due to its particular
advantages for postoperative analgesic infusions and in the
context of obstetric analgesia.
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Bupivacaine is a long-acting local anesthetic that can be
used for infiltration, peripheral nerve blocks, as well as
epidural and spinal anesthesia. Most common concentra-
tions of bupivacaine solution range from 0.125% to 0.75%.
Adjustments in bupivacaine concentration ultimately
impact the extent of sensory and molor blockade. Lower
concentrations of solution will primarily provide sensory
blockade, and as higher concentrations are used, motor
blockade becomes apparent and more significant. For
example, 0.5% bupivacaine solution is often used in periph-
eral nerve blocks to achieve full motor and sensory blockade
as part of a surgical block.

Cardiotoxicity following systemic reactions with bupiva-
caine became a concern in the 1980s. Although it is clear
that bupivacaine alters myocardial conduction more dra-
matically than lidocaine, the need for appropriate and rapid
resuscitalion during any LAST scenario cannot be overem-
phasized. Of note, levobupivacaine is the single enantiomer
(L-isomer) of bupivacaine and is less potent than bupiva-
caine but more potent than ropivacaine. Levobupivacaine
has a lower risk of potential cardiotoxicity than bupivacaine,
yet maintains its pharmacokinetic profile and clinical effects
similar to those of standard racemic bupivacaine,

Pharmacology

Liposomal bupivacaine (Exparel: Pacira BioSciences
Inc., Parsippany, NJ, USA) has become clinically available
in more recent years. Liposomal bupivacaine is an inject-
able suspension that provides a slow, continuous release of
bupivacaine following initial administration and has a
theoretical duration of effectiveness of up to 72 hours. It
is approved for single-dose infiltration in patients above
the age of 6 years and adult patients undergoing intersca-
lene brachial plexus blockade for postoperative analgesia.
Presently, it is not recommended to administer liposomal
bupivacaine as part of epidural and intrathecal formula-
tions, intraarticular injections, or regional anesthesia inter-
ventions, aside from interscalene brachial plexus blocks.
The maximum dose should not exceed 266 mg (20 mL of
liposomal bupivacaine solution). The solution can be
mixed with plain bupivacaine hydrochloride (no more than
1:2 mg dose ratio, bupivacaine hydrochloride:liposomal
bupivacaine) or saline for volume expansion. Additional
use of local anesthetics should be avoided for a period of
96 hours following the initial administration of liposomal
bupivacaine.

Liposomal bupivacaine has gained significant interest as
a strategy to provide a prolonged analgesic effect in the
setting of surgical wound infiltration and regional anesthe-
sia interventions. Although initial findings from studies
were reassuring, in more recent evaluations, liposomal
bupivacaine has not exhibited convincing and/or consistent
evidence supporting its use over standard local anesthetic
formulations. Therefore strategies for achieving prolonged
analgesic effects should focus on the use of catheter-based
techniques and the wilization of long-acting local anesthet-
ics in combination with adjuncts. These adjuncts include
medications such as dexamethasone, clonidineg, and dex-
medetomidine, all of which will be discussed in the next
section.

Another extended-release formulation, composed of a
combination of bupivacaine and meloxicam, is currently
approved for soft tissue (i.e., abdominal surgery) and peri-
articular instillation (i.e., arthroplasty). However, a recent
meta-analysis concluded that the added clinical benefit of
this combined formulation was marginal when compared
to standard bupivacaine.
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LOGAL ANESTHETIC ADJUNCTS

The use of adjuncts involves the addition of one or more
pharmacologic agents to the local anesthetic formulation.
The goal of utilizing these adjuncts is to provide additional
clinical benefit, maximize efficacy, andfor prolong the
duration of action of a particular local anesthetic
solution.

VASOCONSTRICTORS

Vasoconstrictors are often added to local anesthetics to
prolong the duration of action, enhance the quality of anal-
gesia, and function as markers of intravascular injection,
The mechanism of action of these adjuvant drugs is at least
partially attributed to vasoconstriction and delayed sys-
temic absorption in the surrounding tissue. Further, it
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could also be secondary fto antinociceplive benefits by
acting on a-adrenergic receptors.

HO

HO-D(L:H-::HE-NH-%

OH

Epinephrine is the most commonly used vasoconstrictor
agent, with an effective concentration dose of 1:200,000.
When epinephrine is added 1o a local anesthetic in the
commercial production process, it is necessary to add sta-
bilizing agenmts. Otherwise, epinephrine rapidly loses its
potency on exposure to air and light. Phenylephrine serves
as another additive agent, principally in the context of spinal
anesthesia. Effective prolongation of the analgesic block can
be achieved by adding 0.5 to 2 mg of phenylephrine to the
chosen spinal anesthetic solution. Norepinephrine also has
been utilized as a vasoconsirictor for spinal anesthesia,
although it does not appear to provide extensive prolonga-
tion of action as is seen with other vasoconstrictors. Of
note, while the addition of vasoconstrictor agents can
prolong the analgesic benefits of local anesthetics, it can
also enhance their unwanted effects, such as motor weak-
ness, in situations when not desirable.

OPIOIDS

LF".-H —CHa—NH—CH,
OH

OH

Buprenorphine functions as a mu () partial opioid receptor
agonist and kappa (x) opioid receptor agonist that can be
administered as part of a local anesthetic formulation for
peripheral nerve blockade. Following perineural injection,
buprenorphine contributes to the inhibition of voltage-
gated sodium channels and acts on opioid receptors an
neuronal fibers. In a meta-analysis of several randomized
controlled trials, il was shown that buprenaorphine as an
adjunct for peripheral nerve blocks increased the duration
of analgesic benefit by approximately & hours when com-
pared to local anesthetic alone. Possible side effects associ-
ated with buprenorphine include pruritus as well as
postoperative nausea and vomiting, with no evidence of
neuroloxicity.

a,-ADRENORECEPTOR AGONISTS

Clonidine functions as an w;-adrenoreceplor agonist that
can be administered perineural as part of a peripheral
nerve block. Its mechanism of action is presu med to involve
the inhibition of channels on nevrons that are responsible
for the hyperpolarization phase, thus inhibiting lh_e genera-
tion of further action potentials and proper _E'u.m:homng of
the nerve. There is also 2 thuughl_ that clonidine can con-
tribute 1o @, -adrenorece ptor-mediated vamc.r:rnslncnon in
local tissue. Several randomized controlled . rials halve dem-
onstrated that when administered as an adjunct with local

anesthetics for peripheral nerve blocks, clonidine (30-300
pg) increases the duration of analgesia as well as sensory
and motor blockade by approximately 1 to 2 hours, Potential
side effects from systemic absorplion can include bradycar-
dia, hypotension, and sedation.

Dexmedetomidine is 3 more highly selective .-
adrenoreceptor agonist and has a similar mechanism of
action to clonidine following perineural administration.
In a recent meta-analysis of randomized controlled trials,
the use of perineural dexmedetomidine for brachial plexus
blocks was associated with a prolongation of analgesia as
well as motor and sensory blockade by 3 10 4 hours and
a reduction in time of onset of the sensory block as com
pared to local anesthetic alone. These findings were alsc
identified in lower extremity blocks when dexmedetomi-
dine was added to bupivacaine solutions. Potential side
effects are similar to those of clonidine, including hypo-
tension and bradycardia secondary to  systemic
absorption,

STEROIDS

Dexamethasone serves as a potent long-acting glucocorti-
coid that has been extensively studied as an adjunct in the
setting of regional anesthesia. lts mechanism of action is
related to effects on neuronal glucocorticoid receptors that
lead 10 downstream effects of decreased excitability of
neurons. However, research findings indicate that dexa-
methasone primarily acts through systemic and local anti-
inflammatery effects.

In the context of peripheral nerve blocks and fascial plane
blocks, dexamethasone used as a local anesthetic adjunct
has demonstrated an increase in the duration of analgesia
for up to 8 hours and of motor blockade by up to approxi-
mately 4 hours, most prominently when using long-acting
local anesthetics. In these studies, no effect on the time of
onset for the blockade was identified. In regard to appropri-
ate dosing with peripheral nerve blocks, perineural dexa-
methasone appears 1o exhibit a ceiling effect, with a dose
of 4 mg providing the optimal analgesic benefil. Of note,
dexamethasone can increase perioperative blood glucose
concentration  following  perineural  administration,
although it appears to be minimal when compared to the
effect following intravenous administration.

R —
LOCAL ANESTHETICTOXICITY -

LAST is an inherent risk when administering local anes-
thetics in the context of regional anesthesia. Timely iden-
tification of signs and symploms, proper airway and
resuscilative interventions, as well as prompt initiation of
lipid emulsion therapy all serve as vital components in the
management of LAST. The American Sociely of Regional
Anesthesia and Pain Medicine (ASRA) has developed a
practice advisory (‘Table 1.1) with updated guidelines on
LAST management. This checklist provides a focused
approach to the management and treatment of LAST. Every
anesthesia provider invelved in regional anesthesia inter-
ventions should become familiar with these guidelines 10

ensure patient safety.
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= Meonates and infants are more prone to developing
systemic toxicity to local anesthetics [LAs), particu-
larly amide LAs, compared with older children and
adults. This is due to reduced plasma concentration
of «l-acid glycoprotein with higher unbound frac-
tion and decreased clearance of amide LAs.

e Higher baseline heart rates in neonates and infants pre-
dispose them to increased sensitivity for bupivacaine-
induced cardiotoxicity compared with adults. This is
due to the strong affinity of bupivacaine for the fast
sodium channels, resulting in prolonged blockade of
these channels in the cardiac conduction system and a
profound decrease in ventricular conduction velocity.

= Liposomal bupivacaine (LB) is now approved by the

U.5. Food and Drug Administration (FDA) for single-

dose surgical site infiltration to produce postsurgical

local anesthesia in patients =6 years of age,

e Chloroprocaine is the LA of choice for epidural infu-
sion in neonates and small infants due to its very low
risk of systemic toxicity and accumulation compared
with amide LAs in this age group, as well as easier
dosing and pump programming.

e Regional anesthesia is usually performed under general
anesthesia, which may mask the earliest signs of sys-
temnic toxicity, particularly central nervous system {CNS)
signs. Therefore refractory cardiovascular collapse may
be the first and only sign in pediatric patients.

® |t is recommended that an epinephrine-containing
test dose be used in all regional blocks before giving
the full bolus dose. The order of sensitivity for detec-
tion of unintentional intravascular injection in pedi-
atric patients when a test dose of LAs mixed with
epinephrine is given, from most to least sensitive, is:
e |ncrease T-wave amplitude and ST segment changes

> increase in systolic blood pressure more than 10%
> increase in heart rate 10% to 15% above baseline
heart rate before administration of test dose.

* Total doses of LAs should not exceed the maxirmurm
allowable dose under any circumstances. The dose
should be based on the lean body weight rather than
the actual body weight, particularly in obese patients.

LAs are divided into two main chemical compounds: the
amides and the esters,

Amide LAs are metabolized exclusively in the liver by
cytochrome P450 enzymes, These enzymes reach adult
activity levels by 9 months to 1 year of age. Therefore neo-
nates and infants have a decreased clearance of amide LAs.
Amide LAs bind to serum proteins. cl-acid glycoprotein
(AGP) is the major serum protein that binds amide LAs.
Albumin has a very low affinity to bind amide LAs.
However, being the most abundant protein in serum, albumin -
binding capacity to amide LAs is not insignificant.

Infants have a decreased level of AGP and albumin. Adult
levels of protein binding are reached at about 1 year of age.
Therefore neonates and infants are more prone to develop-
ing toxicily from amide LAs due to a higher serum-free
fraction and lower clearance rate. The susceptibility to
cardiac toxicity is amplified by increased heart rates. Due
to their higher baseline heart rates, neonates and infants
are more sensitive than adults Lo amide LA-induced
cardiotoxicity.

Meanates and infants have a relatively larger volume of
distribution (VD) of amide LAs compared with adults,
Toxicity will be more likely to occur following repeated
doses and/or continuous infusion. This can be explained by
the fact that larger VI prevents high serum drug concentra-
tions from occurring after a slow incremental injection of
a single dose of amide LAs.

Commonly vsed amide LAs in children include lido-
caine, ropivacaine, bupivacaine, its L-enantiomer levobupi-
vacaine, and eutectic mixture of local anesthetics (EMLA)
Cream.

Ester LAs are degraded in plasma by cholinesterases.
Although neonates and infants have a lower level of cho-
linesterases, this has not been shown to be ol clinical sig-
nificance. Commonly used ester LAs in children include
tetracaine and 2% to 3% chloroprocaine. Chloroprocaine
use for continuous epidural analgesia in neonates and
infants has been on the rise due to its rare incidence of
systemic toxicity.

AIDE LOCAL ANESTHETICS

BUPIVACAINE

This is the most commonly used amide LA for regional
blockade in pediatric anesthesia. ls long duration of
action is related to its high binding to plasma proteins.
Adding epinephrine will not result in further prolonga-
tion of the duration of action. However, epinephrine will
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reduce the rate of systemic absorption and the peak
plasma concentration of bupivacaine. s relatively slow
onsel of action is due to its high pKa of &.1. It is a racemic
mixture of levorotatory (L) and dextrorotatory (D) enan-
tiomers; the L-enantiomer is the bioactive form, and the
D-enantiomer is responsible for its toxicity. Toxicity from
bupivacaine can be serious, ranging from CNS excitation
to cardiovascular collapse. Direct cardiac toxicity is due
to prolonged blockade of the sodium channels in the
cardiac conduction system. resulting in a profound
decrease in ventricular conduction velocity. This phe-
nomenon is markedly amplified by tachycardia due o the
strang affinity of bupivacaine for the fast sodium chan-
nels. Stereoselectivity of the sodium channel in the open
state, however, has not been demonsirated.

The thresheld for toxicity occurs at a bupivacaine level
of 2 to 4 pg/mL. The maximum dose of bupivacaine is 2.5
to 3 mg/kg. The most commonly vsed concentration for
single-shot peripheral nerve block and caudal epidural is
0.25% (Table 2.1). Afier a single administration, analgesia
usually lasts for 3 to 4 hours. For an epidural catheter, the
loading dose is 0.05 mL/kg/spinal segment or between 0.5
and 1 mL/kg, not to exceed the maximum dose of 2.5 mg/
kg. For continuous epidural infusion, a concentration
ranging from 0.0625% to 0.125% is used and usually runs
at a dose of 0.2 to 0.4 mg/kg/h (Table 2.2).

LIPOSOMAL BUPIVACAINE

The liposome bupivacaine formulation incorporates lipo-
some-encapsulated bupivacaine (DepoFoam) and a small
amount of extraliposomal bupivacaine. The liposome-
encapsulated component permits bupivacaine release over
an extended period. The extraliposomal component allows
for rapid release and relatively rapid onset of action.

In March 2021, the U.S. Food and Drug Administration
(FDA) approved the use of liposomal bupivacaine (LB} for
single-dose surgical site infiliration in patients aged &
vears of age and older to produce postsurgical local anal-
gesia. This approval was based on a multicenter study to
evaluate the pharmacokinetics (PK) and safety of LB for
postsurgical analgesia in pediatric patients aged 6 1o less
than 17 years undergoing spine or cardiac surgery (PLAY).
Two separate age groups were evaluated (age group I:
patients 12 to <17 vears undergoing spine surgery; age
group X patients 6 lo <12 years undergoing spine or
cardiac surgery), with randomized allocation of LB & mg/
kg or bupivacaine hydrochloride (HCI) 2 mg/kg vis local
infiltration at the end of spine surgery (age group 1); or
LB 4 mg/kg via local infiltration at the end of spine or
cardiac surgery (age group 2). Results of the study shonwed
that the safety of LB was comparable to bupivacaine. LB
was well tolerated for all age groups. Adverse events [ ALs)
were mild or moderate, and there were no discontinua-
tions due to AEs or deaths. AEs included nausea, vomiting,
constipation, hypotension, anemia, muscle twitching,
blurred vision, pruritus, and tachycardia. There were no
treatment-related cardiac or nervous system AEs in the
LB arms. The PK profile of LB in pediatric patients was
comparable across age groups and generally consistent
with the LB PK profile in adults.

Multiple case reports since then have been published
about the use of LB for surgical site infiltration in pedi-
atric anterior cruciate ligament (ACL) reconstruction,
posterior spinal fusion with instrumentation for ado-
lescent  idiopathic  scoliosis, and  pediatric
tonsillectomy.

LB is still not recommended for:

* Epidural, intrathecal, intravascular or intraarticular

Lse

* Patients <6 years for infiltration

Table 2.1 Single-Shot Caudal Epidural Dose of Local Anesthetics

Bupivacaine 0.25% (2.5 mg/mL)
Ropivacaine 0.2% (2 mg/mL)

Dose [mg/kg) Dose (mL/kg)
25 i
2 1

Table 2.2 Suggested Epidural Infusion Concentrations and Rates for Pediatric Patients

Local anesthetic
— Neonates andinfants'up to 6months

Maximum rate of inflisipniand sugeested infision/concentration!{conc.)
Infants (6 months to/1year)

Childreniolder than'1l year

Chioroprocaine®  Conc. of 2%. Rate of 5 to 15 mg/kgfh.  NJAS N/As

Bupivacaine Conc. of 0.0625%. Rate of 0.2 mg/kg/h  Conc. of 0.0625% to 0.125%. Rate  Conc. of 0.0625% to 0.125%.
for no more than 48 hours, of 0.3 to 0.4 mg/kgfh. Reduce the  Rate of 0.4 mg/kg/h.
infusion rate 30% after 48 hours
and discontinue after 72 hours.
Ropivacaine® Canc. of 0.1%. Rate of 0.2 mg/kg/h for  Conc. of 0.1% to 0.2%. Rate of 0.3 Conc. of 0.1% to 0.2%. Rate of
no more than 72 hours. Reduce the to 0.4 mg/kg/h. Reduce the 0.4 mg/kg/h.
infusion rate 303 after 48 hours. infusion rate 30% after 48 hours,

" > - - - S—— — - — - -. - -. - .I.. .Jr_j‘h.
“Chloroprocaine is the first choice for cpidural imfusion i neonates due fo recuced risk of systemic taxicity compared watl amide LAs.
s due 1o its betrer toicily profile conipared with buprvaaine.

*Ropavacaine s e second ehotee for epidunl infusion in eonale : 1 iy il LAY
ENIA, noapphicable. Chloroprocame o et wsnally wsed i this age group und s ey ponCe=



* Regional nerve blocks other than interscalene

brachial plexus nerve blocks in patients =18 years

The recommended dose of LB for patients aged 6 to <17
vears old is 4 mg/ke, up to a maximum of 266 mg.

LEVOBUPIVACAINE (L-ENANTIOMER
OF BUPIVACAINE)

Levobupivacaine has almost the same blocking properties
and K as its racemic counterpart, bupivacaine. The effect
on the cardiac conduction system is stereospecific, with the
L-enantiomer having much less of an effect than the
D-ensntiomer present in the racemic mixture of bupiva-
caize. As aresult, levobupivacaine carries a reduced risk of
cardize toxicity compared with bupivacaine. It is currently
unavailable in the United States.

ROPIVACAINE

This exists as an L-enantiomer, I is chemically similar to
bupivacaine but differs from it structurally, having a propyl
(three-carbon) side chain rather than a butyl (four-carbon)
side chain. In an equipotent dose, it carries a lower risk of
cardiac and neurological toxicities compared with bupiva-
caine. This makes ropivacaine an attractive alternative to
bupivacaine in pediatric patients. The data available from
studies on infants and children do not report greater
sparing of motor function following ropivacaine blockade
compared with bupivacaine. Adult studies are conflicling
in this regard.

The most commonly used concentration for single-shot
caudal and single-shot peripheral nerve block is 0.2% (see
Table 2.1). For an epidural catheter, the loading dose is 0.05
mL/kg/spinal segment or between 0.5 and 1 mLkg, not to
exceed the maximum dose of 3 mg/kg. For continuous
infusion, the concentration range is from 0.1% to 0.2% and
usually runs at a dose of 0.2 to 0.5 mg/kg/h (sce Table 2.2).

LIDOCAINE

Lidocaine is not commonly used in pediatrics due to its
short duration of analgesia, The amides ropivacaine and

bupivacaine are more commonly used instead.

EUTECTIC MIXTURE OF LOCAL
ANESTHETICS CREAM

This is a eutectic mixture of equal quantities of lidocaine
2.5% and prilocaine 2.5%. It is commonly used to provide
transdermal local anesthesia in  pediatric patients.
Methemoglobinemia has been reported with the use of
EMLA cream. Therefore the maximum total surface area
to which the cream is applied should be calculated in
advance, and the maximum allowable dose should never
be exceeded (Table 2.3). This is particularly important in
neonates. However, close attention should also be paid to
the dose used in infants and toddlers. EMLA cream should
be applied only to intact skin, and the dose should be

Pharmacology of Local Anesthetics in Pediatrics

reduced in case it is applied to mucous membranes, Other
reported side effects include blanching and rash at the site
of application. The duration of action is | to 2 hours,

LIDOCAINE AND TETRACAINE
(SYNERA) TRANSDERMAL PATCH

This is a combination of lidecaine, an amide LA, and tet-
racaine, an ester LA, The drug formulation is an emulsion
in which the oil phase is a 1:1 eutectic mixture of lidocaine
7% and tetracaine 7%. Each patch contains 70 mg of lido-
caine, and 70 mg of tetracaine, and has a total skin contact
area of 50 cm and an active drug-containing area of 10 em?,
The eutectic mixture has a melting point below room tem-
perature, and therefore both LAs exist as a liquid oil rather
than as crystals, The patch has a heating component that
begins to heat once the patch is removed from the pouch
and is exposed 1o oxygen in the air. It increases skin tem-
perature slightly to increase blood flow into the area and
speeds up delivery of LAs to provide anesthesia to a depth
of almost 7 mm. It is used to facilitate venipuncture, intra-
venous (IV) cannulation, and some superficial dermato-
logical procedures. It should be applied only 1o intact skin,
Methemoglobinemia has been reported, and caution
should be exercised in patients with congenital or idio-
pathic methemoglobinemia. Caution should be exercised
in patients with pseudocholinesterase deficiency, as they
are at greater risk of tetracaine Loxicity.

If being used with other products containing an LA,
consider the potential for additive effects. The heating
component contains iron powder and must be removed
before magnetic resonance imaging. Application of the
patch for a longer duration than recommended, or simul-
taneous or sequential application of multiple patches, is
not recommended because of the risk for increased drug
absorption and possible adverse reactions. Cutting the
patch or removing the top cover could cause the patch
to heat to temperatures that could result in thermal injury.
On the other hand, covering the holes on the wop side of the
patch could cause the patch not to heat. The most common
side effects are local skin reactions such as redness of the
skin and swelling; these reactions are generally mild and
resolve spontaneously after discontinuation of the patch,
Safety and effectiveness of the patch have been established

Table 2.3 Maximum Recommended Doses
and Application Areas for EMLA Cream

Maximum Maximum
total dose surface
Body welght and age (2} area [cm?)
0 to 3 months or <5 kg 1 10
3 to 12 months and 5 to 10 kg 2 20
1 to 6 years and 10 to 20 kg 10 100
7 to 12 years and >20 kg 20 200

EMLA, Eutectic mixture of local anesthetics,
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in patients 3 years of age and older. Apply the patch for
20 to 30 minutes prior to venipuncture or IV cannulation.
For superficial dermatological procedures such as super-
ficial excision or shave biopsy, apply the patch for 30
minutes prior to the procedure. A topical cream of lido-
caine and tetracaine (Pliaglis) also exists but is indicated
only for adult use.

ESTER LOCAL ANESTHETICS

TETRACAINE

Tetracaine is the most commeonly used LA for spinal anes-
thesia in children. Some centers use spinal anesthesia with
tetracaine as the sole anesthetic for inguinal hernia repair
in premature or expremature neonates. This practice is
most relevant for those premature neonates who are less
than 60 weeks' postconceptual age at the time of surgery.
This population is at risk for developing postoperative
apnea, and the use of spinal anesthesia may decrease the
incidence of this complication.

Neonates have a larger total volume of cercbrospinal fluid
(CSF) compared with adults (4 mL/kg compared with 2 mLf
kg. respectively). In addition, 50% of the total C5F volume
is in the spinal portion of the subarachnoid space, compared
with only 25% of the total CSF volume in adulis, Neonates
also have a more rapid turnover of CSF than adults. As a
result, neonates require larger doses of LAs for spinal anes-
thesia, and the duration of the spinal block is shorter.

Tetracaine is used in a concentration of 1% (10 mgfmL),
and the calculated dose is mixed in an equivalent volume
of dextrose 10% to make the solution hyperbaric. The final
concentration of letracaine is 0.5% (5 mg/mL). For inguinal
hernia repair, neonates less than 5 kg require the largest
dose of 0.5 to 0.6 mg/kg. For infants 5 to 15 kg, the dose is
0.3 10 0.4 mg/kg, and for children greater than 15 kg, the
dose is 0.2 to 0.3 mg/kg (Table 2.4).

The duration of the block is 90 1o 120 minutes. This can
be extended by 30% with the addition of epinephrine
1:100,000. If a higher block level is desired in neonates, the
dose can be increased up 1o a maximum of 1 mg/kg. This
dose can result in a block that extends to a dermatome
height in the mid to upper thoracic region.

CHLOROPROCAINE

Chloroprocaine is increasingly used to provide continuous
epidural infusion for postoperative pain control in

neonates. It is rapidly metabolized by cholinesterases, with
an elimination half-life of a few minutes. Although neo-
nates have a reduced level of plasma esterases compared
with adults, this is clinically insignificant. Therefore the
incidence of systemic toxicity is rare, and the risk of accu-
mulation is minimal. This safety profile allows better anal-
gesia in neonates as it allows the use of higher infusion rates
and thus wider dermatomal coverage compared with amide
LAs. Chloroprocaine has a rapid onset of action (5-10
minutes) because of its high tissue penetrance. It has a short
duration of action (45 minutes) that can be prolonged to
70 to 90 minutes with the addition of epinephrine. Iis
potency is 25% that of bupivacaine or tetracaine. Epidural
anesthesia is achieved by administering up to 1 mL/kg of
2% to 3% chloroprocaine with epinephrine 1:200,000
(maximum dose of chloroprocaine: 20-30 mg/kg). For
continuous epidural analgesia rates, refer o Table 2.2,

TOXICITY OF LOCAL ANE

DIRECT NEUROTOXICITY

All LAs are potentially capable of producing direct neurotox-
icity. This complication is rare, and conclusive human studies
are still lacking in this field. However, animal studies show that
the risk is higher in the developing nervous system and is
directly related to the concentration of the LA. Therefore neo-
nates and infants are at higher risk because their nervous
system is still developing. The recommendation is to avoid the
use of a high concentration of LAs in this age group.

SYSTEMIC TOXICITY

Predisposing Factors

Neonates and infants are more prone o developing sys-
temic toxicity w0 LAs, particularly amide LAs, compared
with older children and adults. This is due 1o the
following:
® Reduced plasma concentration of AGP in this
age group, resulting in a higher unbound
fraction of amide LAs, which is responsible for
Loxicity.
¢ Dwecreased clearance of amide LAs in neonates and
infants due 10 decreased metabolism in the liver by
cytochrome P450 enzymes,
® Regional anesthesia is usually performed under
general anesthesia, which may mask the earliest

Table 2.4 Tetracaine Dose for Spinal Anesthesia for Inguinal Hernia Repair

Local anesthetic

Tetracaine 1% in 10% dextrose
{1:1 dilution) (hyperbaric)

Age and weight

EMaximem dose of | mglkg can be used to achieve mid to high theracic Iru;-l' dermatomes.

*Puration can be extended by 30% with e addition of epinephrine,

Neonates and infants less than 5 kg*
Infants and children 5 to 15 kg
Children greater than 15 kg

Dose (mg/kg) Duration of action

0.510 06 90 to 120 minutes®
0.3t004

0.2t00.3
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signs of systemic toxicity, particularly CNS signs.
Therefore refractory cardiovascular collapse may be
the first and only sign,

® Higher baseline heart rates in neonates and infanis
predispose them to increased sensitivity for
bupivacaine-induced cardiotoxicity compared with
adults,

Clinical Picture

® Systemic loxicity can result from accidental
intravascular injection of LAs or secondary to
systemic absorption of LAs from the regional block
site, particularly when maximum recommended
doses are exceeded.

© Systemic toxicity is consistent with signs of CNS and

cardiac toxicity.

Regional anesthesia is usually performed under

general anesthesia in pediatric patients. Although

general anesthesia with inhalational agents raises the
threshold for seizure, it will also lower the threshold

[or cardiac toxicity. Therefore general anesthesia

may confound the diagnosis of systemic toxicity,

and the first sign may be cardiovascular collapse.

The bupivacaine threshold for cardiac toxicity is

lower than its CNS toxicity in pediatrics. Therefore

in pediatrics, signs of cardiac toxicity may precede
signs of CNS toxicity, or may be the only sign of
systemic toxicity. This is different from adults, where
signs of CNS toxicity usually precede cardiac

Loxicity.

& Signs of systemic toxicity under general anesthesia

may be nonspecific and consist of muscle rigidity,

unexplained hypoxemia, unexplained tachycardia,
dysrhythmias, and cardiovascular collapse,

When bupivacaine is mixed with epinephrine (usually

ina 1:200,000 dilution), the earliest and most reliable

sign of unintentional intravascular injection is an

increase in the T-wave amplitude of more than 50%

compared with the baseline, with associated ST

segment changes. These electrocardiogram (EKG)

changes are very sensitive and occur within 60

seconds of injection. If only a small test dose is given,

these changes are transient and brief and do not
progress to cardiovascular collapse.

* Following a test dose of bupivacaine and
epinephrine, tachycardia is not a sensitive sign for
unintentional intravascular injection in pediatrics.

* The order of sensitivity for detection of
unintentional intravascular injection in pediatrics,
from most to least sensitive, is:

Increase T-wave amplitude and ST segment changes >
increase in systolic blood pressure more than 10% > increase
in heart rate 10% to 15% above baseline heart rate before
administration of test dose.

* After the age of 8 years, T-wave changes are less
sensitive for the detection of intravascular injection.

* If a bolus dose of bupivacaine is unintentionally
injected intravascularly, cardiac arrhythmias and
subsequent cardiovascular collapse develop rapidly.

[

Prevention/Reducing the Risk

* Careful calculation of total doses of LAs
administered.

* Total doses of LAs should not exceed the maximum
allowable dose under any circumstances (Table 2.5).

*  The dose should be based on the lean body weight
rather than the actual body weight, particularly in
obese patients. Lean body weight can be
extrapolated by knowing the actual body weight and
the ideal body weight.

® The dose should be reduced in pediatric patients
with associated comorbidities such as liver failure or
congestive heart failure,

= Decrease bolus dose of amide LAs by 30% for all
infants less than 6 months of age.

® Limit the duration of amide LA infusion to no more
than 48 hours for bupivacaine and 72 hours for
ropivacaine for all infants and neonates less than 6
months of age (see Table 2.2).

® Chloroprocaine is the LA of choice for epidural
infusion in neonates and small infants due to its
very low risk of systemic toxicity and accumulation
compared with amide LAs in this age group.

® When mixing two different LAs, toxicity is additive,
Thus when mixing equivalent amounts of two
different LAs, the maximum dose for each should be
reduced by 50%,

= Using ropivacaine or levobupivacaine instead of
bupivacaine may reduce the risk of cardiotoxicity.

¢ When performing an epidural block, aspiration of
blood or CSF through the needle or catheter may
indicate that the tip is within a vessel or
subarachnoid space, respectively. However, a
false-negative aspiration test tends to occur
frequently in pediatric patients. This is related to the
fact that even the smallest application of negative
pressure can result in collapse of the thin-walled
vessels,

¢ The recommendation is to use an epinephrine-
containing test dose in all regional blocks before giving
the full bolus dose. This will help detect unintentional
intravascular injections, as mentioned earlier,

¢ The only exception for the use of an epinephrine-
containing test dose is the block that involves an
end artery, such as penile and digital blocks.

Table 2.5 Maximum Recommended Doses
of Commonly Used Local Anesthetics

Dose (mg/ke)

Bupivacaine 25103
Ropivacaine 3
Levobupivacaine 3
l[:[ucainqﬂidncaine + a7
epinephrine

2-Chloroprocaine 20
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= Slow and intermittent injection of all bolus doses
should occur over several minutes. Rapid injection
can result in systemic toxicity, even if the maximum
allowable dose is mot exceeded and the injection is
not intravascular. This results from a rapid surge of
LAs in the blood bevond the protein-carrving
capacity of neonates and infants.

* Absorption of LAs from the site of regional block
from higher to lower is:

Intercostal > caudal > lumbar epidural > thoracic epi-
dural brachial > femoral > sciatic,

* llicinguinal/ilichyvpogastric nerve blocks,
particularly in children weighing less than 15 kg, are
associated with alarming levels of bupivacaine in the
blood, even when half the maximum recommended
dose is used. Therefore this block should be
performed under ultrasound guidance as it can limit
the required volume needed to perform the black. A
volume of 0.2 mL/kg of ropivacaine 0.2% is used in
an ultrasound-guided block compared with the
anatomic landmark method, which may require the
use of up to | mL/kg.

* Whenever a regional block is performed in pediatric
patients, all resuscitation equipment should be
immediately available.

Treatment

Effective Cardiopulmonary Resuscitation

# This is the first line of treatment in conjunction with
intralipid administration.

* This includes securing the airway and ensuring
adequate breathing and circulation through the
performance of quality chest compression,

Intralipid 20%

= This is recommended as the next line of treatment
for cardiotoxicity induced by bupivacaine and
ropivacaine,

* Give immediately and without delay in conjunction
with cardiopulmonary resuscitation (CPR).

* Acts as a “lipid sink” by promoting dissociation of

bupivacaine from the myocardium and therefore

shortening the duration of bupivacaine-induced

asvstole.

The pediatric dose is similar 1o the adult dose and

consists of a bolus of 1.5 mL/kg over 1 minute, A

repeat bolus dose can be given in 3 to 5 minutes,

with a maximum of 3 mL/kg. This is followed by a

maintenance infusion of 0.25 mL/kg/min until the

circulztion is restored.

Prevention and Treatment of Seizure

* Should occur only after securing the airway and
ensuring adequate breathing and oxygenation,
because the majority of cases of morbidity that
occurs with seizure are related to airway
complications such as aspiration and hypoxia.

Midazolam 0.05 10 0.2 mg/kg 1V is the agent of
choice.

= Propofol 1 to 2 mg/kg may be also used to control
seizures; however, this should be used with caution
and in the absence of hypotension or cardiovascular
instability.

= Mild hyperventilation can help raise the seizure
threshold by inducing respiratory alkalosis.

* Some case reporis suggest the use of intralipid 20%
1o treat CNS toxicity of LAs, even in the absence of
cardiotoxicity, and suggest its use as a first line of
treatment in this context.

Support the Circulation

* IV fluid bolus with 10 to 20 mLikg of isotonic fluids
such as lactated Ringer.

Phenylephrine infusion starting at a rate of 0.1 pg/

kg/min to support the vascular tone antagonizes the
LA-induced vasodilatation.

* Successful use of cardiopulmonary bypass has been
also reported.
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Equipment and
Ultrasound

Husien Taleb, Mohamad I. Ayoub, and Loran Mounir-Soliman

:ZDLES, CATHETERS, AND
[RINGES

Filective regional anesthesin  requires  comprehensive
knowledge of equipment—that is, the needles, syringes,
and catheters that allow the anesthetic 1o be injected into
the desired area. In the early vears, regional anesthesia
found many variations in the method of joining needle 1o
syringe. Around the turn of the century, Schneider devel-
oped the hirst all-glass syringe for Hermann Wilfing-Luer.
Luer 15 credited with the innovation of a simple conical tip
lor easy exchange of needle to syringe, but the “Luer-Lok”
found in use on most syringes today is thought to have
been designed by Dickenson in the mid-1920s, The Luer
fiing became virtually universal, and both the Luer slip
tip and the Luer-Lok were standardized in 1955,

In almost all disposable and reusable needles used in
regional anesthesia, the bevel is cut on three planes.
Theoretically, the design creates less tissue laceration and
discomfort than the earlier styles did, and it limits tissue
coring. Many needles that are to be used for deep injection
during regional block incorporate a security bead in the
shafi so that the needle can be easily retrieved on rare occa-
sions when the needle hub separates from the needle shaft,
Fig. 3.1 contrasts a blunt-beveled, 25-gauge needle with a
25-gauge "hypodermic” needle. Traditional teaching holds
that the short-beveled needle is less traumatic to neural
structures. There is little clinical evidence that this is so,
and experimental data about whether sharp or blunt needle
tips minimize nerve injury are equivocal,

Fig. 3.2 shows various spinal needles. The key to their
successful use is 1o find the size and bevel tip that allow one
to cannulate the subarachnoid space easily without causing
repeated unrecognized punctures. For equivalent needle
size, rounded needle tips that spread the dural fibers are
associated with a lower incidence of headache than those
that cut fibers. The past interest in very small-gauge spinal
catheters to reduce the incidence of spinal headache, with
the controllability of a continuous technique, faded during
the controversy over lidocaine neurotoxicity.

Fig. 3.3 depicts epidural needles. Needle tip design is
often mandated by the decision to use a catheter with the
epidural technique. Fig. 3.4 shows two catheters available
for either subarachnoid or epidural use. Although each has
advantages and disadvantages, a single-end-hole catheter

appears to provide the highest level of certainty of catheter
tip location at the time of injection, whereas a multiple-
side-hole catheter may be preferred for continuous analge-
sia techniques.

Continuous Infusion Dosage

With the advent of ultrasound and better training, more
and more continuous nerve block catheters are performed
to help patients. Current practice is to limit continuous
infusion at 0.4 mglkg/h (bupivacaine/ropivacaine). See
Table 3.1 for specific block recommendations.

NERVE STIMULATORS

[n recent years, the use of nerve stimulators has increased
from occasional use to common use and is often of critical
importance. The growing emphasis on technigues that use
cither multiple injections near individual nerves or place-
ment of stimulating catheters has provided an impetus for
this change. The primary impediment to successful use of
a nerve stimulator in clinical practice is that it requires at
least a three-handed or two-individual technique (Fig. 3.5),
although there are devices allowing control of the stimula-
tor current using a foot control, eliminating the need for a
third hand or a second individual. In those situations
requiring a second set of hands, correct operation of con-
temporary peripheral nerve stimulators is straightforward
and easily taught during the course of the block. There are
a variety of circumstances in which a nerve stimulator is
helpful, such as in children and adults who are already
anesthetized, when a decision is made that regional block
is an appropriate technique, in individuals who are unable
to report paresthesias accurately, in performing local anes-
thetic admimstration on specific nerves, and in the place-
ment of stimulating catheters for anesthesia or postoperative
analgesia. Another group that may benefit from the use of
a nerve stimulator is patients with chronic pain in whom
accurate needle placement and reproduction of pain with
electrical stimulation or elimination of pain with accurate
administration of small volumes of local anesthetic may
improve diagnosis and treatment.

When nerve stimulation is used during regional block,
insulated needles are most appropriate, because the current
from such needles results in a current sphere around the
needle tip, whereas uninsulated needles emit current at the
tip as well as along the shaft, potentially resulting in less
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Fig. 3.1 Frontal, oblique, and lateral views of regional block needies.
{4) Biunt-beveled, 25-gauge axillary block needle, (B) Long-beveled,
25-gauge (“hypodermic”) block needle. (G} 22-gauge

raphy “imaging” needle. (D) Shon-beveled, 22-gauge
regional block needle. (anesnsan ¥ LituneSciman L

e

precise needle location. A peripheral nerve stimulator
should allow between 0.1 and 10 milliamperes (mA) of
current in pulses lasting approximately 200 ms at a fre-
quency of 1 or 2 pulses per second. The peripheral nerve
stimulator should have a readily apparent readout of when
2 complete circuil is presenl, a consistent and accurate
current output over its entire range, and a digital display of
the current delivered with each pulse. This facilitates gen-
eralized Jocation of the nerve while stimulating at 2 mA
and allows refinement of needle positioning as the current
pulse is reduced to 0.5 to 0.] mA. The nerve stimulator
should have the polarity of the terminals clearly identified,
because peripheral nerves are most effectively stimulated
by using the needle as the cathode (negative terminal).
Alternatively, if the circuit is established with the needle as
anode (positive terminal), approximately four times as
much current is necessary to produce equivalent stimula-
tion. The positive lead of the stimulator should be placed
in a site remote from the site of stimulation by connecting
the lead to a common electrocardiographic electrode (see
Fig. 3.5,

The use of a nerve stimulator is not a substiiwe for a
complete knowledge of anatemy and careful site selection
for needle insertion. In fact, as much attention should be

Fig. 3.2 Frontal, oblique, and lateral views of common spinal
needies. (A) Sprotte needle. (B) Whitacre needie. (C) Greene neadle,
(D) Quenche needle. (irasimn K MunrSelman L Eoupment ard

RS0 3 I F

paid to the anatomy and technique when using a nerve
stimulator as when not using it. Large myelinated motor
fibers are stimulated by less current than are smaller unmy-
elinated fibers, and muscle contraction is most often pro-
duced before patient discomfort. The needle should be
carefully positioned to a point where muscle contraction
can be elicited with 0.5 to 0.1 mA. If a pure sensory nerve
is to be blocked, a similar procedure is followed; however,
correct needle localization will require the patient to report
a sense of pulsed “tingling or burning” over the cutaneous
distribution of the sensory nerve. Once the needle is in the
final position and stimulation is achieved with 0.5 to 0.1
mA, 1 mL of local anesthetic should be injected through
the needle. If the needle is accurately positioned, this
amount of solution should rapidly abolish the muscle con-
traction or the sensation with pulsed current.

In the last decade, image-guided peripheral nerve blocks have
hecome the norm for anesthesiologists al the forefront of
regional anesthesia innovation, The dominamt method of
imaging is ultrasonography. Ultrasonographic imaging
devices are noninvasive, portable, and moderately priced.
Most work has been done using scanning probes with fre-
quencies in the range of 5 1o 10 megahertz (MHz). These
devices are capable of identifying vascular and bony structures
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Fig. 3.3 Fromial, oblique, and lateral views of comman epidural
needies. (A) Crawford needle. (B) Tuohy needle; the msat shows a
winged hub assembly common to winged needles. (C) Hustead
needie. (D) Curved 18- gauge epudural naedle (E) Whul,acm

27-gauge spinal needle. | WU an =L
gl Ll 1.5.( whd, che 30 .-'
gd. Elsevaer; 2( ]
Fourgabon o f-‘-.-.'-.=-'.- """ i Educaion and Researc

but not nerves. Contemporary devices using high-resolution
probes (12-15 MHz) and compound imaging allow clear visu-
alization of nerves, vessels, catheters, and local anesthetic
injection and can potentially improve the techniques of ultra-
sonography-assisted peripheral nerve block. Use of these
devices is limited by their cost, the need for training in their
use and familiarity with ultrasonographic image anatomy, and
the extra set of hands required. They work best with superficial
nerve plexuses and can be limited by excessive obesity or
anatomically distant structures. One of the keys to using this
technology effectively is a sound understanding of the physics
behind ultrasonography. A corollary to understanding the

physics is the need for study and appreciation of the relevant
h“]“i.ln Eiﬂﬂlﬂn'l}".

——— e

Fig. 3.4 Epidural catheter designs, (A) sungle distal r:mflca {B}
Clased tip '|..f|'|.|1 mulliple side onficas. | S K, M
Sovman L Equpmenl and wirascurnd. of .
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‘American Society of Regional Anesthesiologists

[Recommendations

| The fallowang are the American Society of Regional
| Anesthesiologists recommendations for performing an
ultrasonography-guided block:

| 1. Visualize key landmark structures, including
| muscles, fascia, blood vessels, and bone.

2. Idennfy the nerves ar plexus on short-axis imaging,
with the depth set 1 em deep to the target structures.

3. Confirm normal anatomy or recognize anatomic
variation(s}

4. Plan for the safest and most effective needle
approach.

5. Use the asepthic needle insertion technique,

6. Follow the needle under real-time visualization as
it is advanced toward the target.

7. Consider a secondary confirmation technigue such
as nerve stimulation,

8. When the needle tip is presumed to be in the
correct pasition, inject a small velume of a test
salution.

9, mMake necessary needie adjustments to obtain
optimal perineural spread of local anesthesia.

10. Maintain traditional safety guidelines of frequent
aspirabion, monitoring, panent response, and
assessment of resistance (o injection,

e ———————————————————————

WAVELENGTH AND FREQUENCY

Ultrasound is 2 form of acoustic encrgy defined as the
longitudinal progression of pressure changes (Fig. 3.6).
These pressure changes consist of areas of compression and
relaxation of particles in a given medium, For simplicity,
an ultrasound wave is often modeled as a sine wave. Each
ultrasound wave is defined by a specific wavelength (1)
measured in units of distance, amplitude (h) measured in
decibels (dB), and frequency (f) measured in hertz (He) or
cycles per second. Ultrasound is defined as a frequency of
more than 20,000 Hz. Current transducers used for ultra-
sonography-guided regional anesthesia generate waves in
the 3- to 13-MHz range (or 30,000-130,000 Hz).

ULTRASOUND GENERATION

Ultrasound is generated when multiple piezocleciric crys-
tals msuie a tmnsducer vibrate rapidly in m m an




- BROWMN'S ATLAS OF REGIONAL ANESTHESIA
e

Table 3.1 Commonly Used Dose and Pump Setting for Continuous Peripheral Nerve Block
Infusion

Continuous | Bolus dose

Block type Local anesthetic | {mL} interval (min}
Interscalene 0.25% Bupivacaine or 0.2% ropivacaine 8-10 8=-12 60 1
Supraclavicular 0.25% Bupivacaine or 0.2% ropivacaine 8=10 8-12 B0 1
Popliteal 0.25% Bupivacaine or 0.2% ropivacaine E-10 B-12 &0 1
Femoral or 0.12% Bupivacaine or 0.1% ropivacaine [ =] 0 - -
adductor canal®

“Owverall cumulative dose of local ancstheric for any 4-*mr4r;.nmi should be less than the toxic dose. Conservative dosage is recommicnded for ..J:E. vl praif
p.:rl'cn!;

*Lower dose 15 recommended to avoid quadsiceps weaksess,

Fig. 3.5 Nerve slimulator technique.
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h = height of the wave, or amplitude

A = wavelenglh

walacily of ultrasound
A

| =

Fig. 3.6 Ultrasound wave basics.

the body where, on contact with various tissues, it can be
reflected, reflracted, and scattered (Fig. 3.7).

To generate a clinically useful image, ultrasound waves
must reflect off tissues and return to the transducer. After
emitting the wave, the transducer switches to a receive
mode. When ultrasound waves return to the transducer,
the piezoelectric crystals will vibrate once again, this time
transforming the sound energy back into electrical energy.
This process of transmission and reception can be repeated
over 7000 times per second and, when coupled with com-
puter processing, results in the generation of a real-time,
two-dimensional (2D) image that appears scamless. By
convention, whiter (hyperechoic) objects represent a larger
degree of reflection and higher signal intensities, whereas
darker (hypoechoic) images represent less reflection and
weaker signal intensities.

CLINICAL ISSUES RELATED TO
PHYSICS

Resolution. Resolution refers to the ability to clearly distin-
guish two structures lying beside one another.

Although there are several different types of resolution,
anesthesiologists are mostly concerned with lateral resolu-
tion (left-right distinction) and axial resolution (front-
back distinction). Ultrasonography systems with higher
frequencies have better resolution and can discriminate
closely spaced peripheral neural structures effectively.
However, because of a process known as attenuation, high-
[requency ultrasound cannot penetrate into deep lissue
(Fig. 3.8). Attenuation is the loss of ultrasound energy,
primarily as heat, into the surrounding tissue. For super-
ficial blocks between 1 and 4 cm in depth, frequencies
greater than 10 MHz are preferred. For blocks at depths
greater than 4 e¢m, frequencies less than 8 MHz should
result in adequate tissue penetration, with a predictable
degradation in resolution.

Focus. Although axial resolution is related simply to the
requency of ultrasound, lateral resolution also depends on

beam thickness. Any maneuver that generates a narrow
beam will increase the lateral resolution, Most ultrasonog-
raphy machines have an electronic focus that generates a
focal point (narrowest part of the beam) that can be placed
directly over the target of interest. However, this increases
the divergence of the beam bevond the region of the focus
point {far field), resulting in image degradation ol structures
bevond this focal point. Thus the beam focus should be
placed at the level of the object that is being assessed to
provide the clearest possible picture of the object (Fig. 3.9).

Gain. The overall gain controls allow the operator to
increase or decrease the signal intensity for a darker or a
brlghler image. The lime gain compensation (TGC) adjusts
gain at specific depths of the image. The goal of TGC is to
compensate for the attenuation in the signal as a result of
depth. Accordingly, appropriate TGC adjustment allows
structures with similar reflecting characters to be seen with
similar brightness regardless of depth. Inappropriately low
gain settings may result in the apparent absence of an exist-
ing structure (i.e. "missing structure” artifact), whereas
inappropriately high gain settings can easily obscure exist-
ing structures,

Reflection. The sound waves bounce back to the trans-
ducer at the interface of tissues with different acoustic
impedance (reflection). The quantity of energy reflected
determines the amplitude (brightness) of the image pro-
cessed and mainly depends on the nature of the tissue,
with bone having the highest impedance and air having
the lowest impedance. A large, smooth surface can reflect
the beam more effectively than the surrounding tissue;
this is called specular reflection. When two specular reflec-
tors are close to each other, reverberation of the beam
between those surfaces can occur. Clinically, it shows as
equally spaced parallel lines, deep to and parallel to the
reflecting surfaces (reverberation artifact). The comet tail
artifact is an example of this reverberation when scanning
the two layers of pleura when in proximity with no fluids
or air in between. Hyperechoic reverberation is another
example of this artifact caused by the two walls of the
hollow block needles.
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Fig. 3.9 Basics of ultrasonographic probe focusing.

COLOR DOPPLER

Color-flow Doppler ultrasonography relies on the fact
that if an ultrasound pulse is sent out and strikes
moving red blood cells, the ultrasound that is reflected
back to the transducer will have a frequency that is
different from the original emitied frequency. This
change in frequency is known as the Doppler shift. It is
this frequency change that can be used in cardiac and
vascular applications to calculate both blood flow
velocity and blood flow direction. The Doppler equa-
tion states that

Frequencyshift =2 x V x Fl x cosined /c

where V is the velocily of the moving object, Ft is the
transmitted frequency, @ is the angle of incidence of
the ultrasound beam and the direction of blood flow,
and c is the speed of ultrasound in the medium. The
direction of blood flow is not as crucial for regional
anesthesia as it is for cardiovascular anesthesia. What
is most important is being able to identify blood vessels
positively by visualizing color flow. This is especially
important when interrogating a projected trajectory of
the needle when placing a block. By placing color-flow
Doppler over the expected needle path, the clinician
should be able to screen for and avoid any unantici-
pated vasculature.

GENERAL PRINCIPLES OF AN
ULTRASONOGRAPHY-GUIDED NERVE
BLOCK

During ultrasonographic needle guidance, most nerves are
imaged in cross section (short axis). Alternatively, if the
transducer is moved 90 degrees from the short-axis view,
the long-axis view is generated. The short-axis view gener-
ally is preferred, because it allows the operator to assess the
lateromedial perspective of the target nerve, which is lost
in the long-axis view (Fig. 3.10).

Two techniques have emerged regarding the orientation
of the needle with respect to the ultrasound beam (Fig.
3.11). The in-plane approach generates a long-axis view of
the needle, allowing full visualization of the shaft and tip
of the needle. The out-of-plane view generates a short-axis
view of the needle. One disadvantage of the in-plane
approach is the challenge of maintaining needle imaging
with a very thin ultrasound beam. A limitation of the out-
of-plane view is that it generates a short-axis view of the
block needle, which may be very hard 1o visualize. With
the out-of-plane view, the operator cannot confirm that the
needle tip (rather than part of the shaft) is being imaged;
therefore the needle location often is inferred from tissue
movement or small injections of solution.

Two main types of ultrasound probes are used for
regional anesthesia:
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1. Linear probe (usually higher-frequency probe),
which allows better resolution and more accurate
identification of the margins for the target structure,
with a narrower ultrasonographic window.

2. Curvilinear probe (generally with lower frequency),
which makes it more suitable for deeper structures,
providing a wider view to detect important
structures adjacent to the target nerve. The caveat
with the curvilinear probe is a lower degree of
resolution (Figs. 3.12 and 3.13A and B).

Fegardless of the machine or transducer selected, there
are four basic transducer manipulation technigues, whic
can be described as the "PART” of scanning;

Pressure (P): Various degrees of pressure are applied to
the transducer that are translated onto the skin,

Alignment (A): Sliding the transducer defines the
lengthwise course of the nerve and reference
structures,

Rotation (R): The transducer is turned in either a
clockwise or counterclockwise direction to optimize
the image (either long- or short-axis) of the nerve and
needle.

Tilting (T): The transducer is tilted in both directions Lo

maximize the angle of incidence of the ultrasound
Fig. 3.10 Short-axis {lop) and long-axis (bottom) imaging of the beam to the target nerve, thereby maximizing

median nerve. reflection and optimizing image quality.

Cut-ol-plane (OF) \
approach > | 1

in-plane {IF)

- ‘Sr;ar-twa:is
wigw of needia

Long-axis
view of needie

- ic visualization.
Fig. .11 The in-plane (right) and out-of-plane left) needle approaches for needla insertion and ultrasonagraphic visuahzation
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Fig. 3.12 Our system for ultrasonographic needle

guidance recommendations, For a block for which
High-frequency seting (12-13 MHz) we would recommend a high-frequency setting with
the in-plane (F) technique of needle visualization, a
rocl scan plane with an “IP” inside the plane is
shown. For a low-frequency setting with the
i out-of-plane (OF) technique for needle visualization,
. . IP = In-plane lechnique we show a n scan plana with an 0P~ in the
m Mid-frequency setting (8-10 MHz) oP = Dpulbnl-p'lann- :gthmque plane. The r?‘l{lf:l'requenﬂy setting is indicated by a
Biue scan plane. An example is shown in the upper
right of the figure. in this case, we recommend
slarting with a high-frequency probe setling and an
IP technigue for needle visualization.

|
/ 1II Low-frequency seiting (3-8 MHz)
A

A B
Fig. 3.13 (A) Linear probe. (B) Curvilinear probe.
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Pressure

Alignment

Ratation

Fig. 3.14 PART maneuvers: pessure, alignment, rotation, and tilting.

The primary objective of PART maneuvers s to qptimize Cﬁmﬁlatll aml frequent manipulations of the probe, mainly
the amount of ultrasound that reflects off an object and  rotation and tilting, allow betier appreciation of the anatomical
returns to the transducer (Fig. 3.14). structures, particularly nerves and tendons, caused by anisotropy,
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This characteristic mainly indicates the change in ampli-
tude of the reflected signal based on the angle of incidence
of the beam, Small changes in the angle of the beam striking
the object can result in significantly unequal amplitude of
the reflected image (anisotropic), with the largest amplitude
when this angle is perpendicular to the long axis of the
structure in the short-axis view. Clear visualization of the
largeted structure versus no visualization at all can be a
function of change in this angle of incidence, highlighting
the importance of acquiring this hand skill.

i RITE KT
EVIEN TS TN |

UND-GUIDED Jl

Ulurasound- guided regional anesthesia has improved the
practice of acute pain management. The widespread use of
ultrasound for peripheral nerve blocks gained popularity
among anesthesiologists, because it improves patient safety
and procedural success. This section will explore some of
the advancements in ultrasenography that are either avail-
able on the market or still under research.

THREE-DIMENSIONAL AND FOUR-
DIMENSIONAL TECHNOLOGY

Three-dimensional (30 and four-dimensional (4D} ultra-
sound technologies have been used in [letal and cardiac
imaging. Three-dimensional imaging combines multiple 2D
images, while 4D imaging produces moving or dynamic 3D
imaging. In the practice of regional anesthesia, these imaging
techniques will allow for better visualization of the needles
in multiple planes and from different angles. This will help
in first-pass success and prevent injury to surrounding struc-
tures. Further, it will allow for the identification of the spread
of LA around the target nerve or plane,

ARTIFICIAL INTELLIGENCE USE IN
ULTRASOUND

The use of artificial intelligence (Al) to assist practitioners
in performing regional anesthesia will add a safety net to
daily practice. The goal of its use 1s to identify anatomical
structures and avoid injury to nearby structures, including
blood vessels, nerves, and lungs. Incorporating Al algo-
rithms and anatomical ultrasound data will reduce block
failure and patient harm. Al can also be used in neuraxial
blocks, especially in morbidly obese patients, pediatrics, and
patients with vertebral deformities, to perform challenging
epidurals properly. For example, the use of Al assistance for
the identification of the ligamentum flavum, subarachnoid
space, and spinous processes will guide the anesthesiologist

to perform an enhanced procedural plan including the
depth of the epidural space and the angulation of the needle,

NEEDLE TIP TRACKER

The continuous visualization of the needle ip is a key salely
measure in performing ultrasonography-guided nerve
blocks. This improves the injection accuracy and prevents
unintended nerve or nearby tissue harm. Needle tip tracker
technology depends on biomarkers and certain tissue
properties that track the needle during injection. This can
be utilized in most types of blocks, especially for deeper
and more complex blocks, and allows for in-plane and out-
of-plane tracking.

MICROULTRASOUND AT THE TIP OF
THE NEEDLE

Nerve injury during peripheral nerve blocks remains a
teared complication. Intraneural injection and permanent
nerve injury should be aveided while performing the
blocks. These risks led 1o the development of different tech-
nologies, including microultrasound imaging, to give a
better anatomical resolution. This imaging differentiates
between subepineural and subperineural needle insertion,
allowing for better visualization to prevent intraneural
injection and nerve injury.

The continuous evolution of ultrasound technology will
guide the fuwure of regional anesthesia. This will lead to
safer practice models and more precise nerve block injec-
tions. In addition, it will provide more resources for trainees
to combine the medical basic sciences with bedside practice
in a more inleractive way,
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Checklist for the

Regional Block

Loran Mounir Soliman, Mohamad Ayoub, Hazem Alahwal,

Kev Points

¢ GLreional anesthesia complications yet are rare but

copid lead to devastating and life-threatening
adverse events,

= \Wrong-side block is a never event because it is
preventable.

e Comprehensive checklist for regional anesthesia
block during time-out helps to prevent and limit
most of the complications.

Various complications may occur with regional anesthesia,
although they are rare but yet devastating and life-threal-
ening in some cases. Our goal in this chapter is to create a
comprehensive checklist during the time-out for any
regional anesthesia procedure, addressing risks, potential
complications, and measures to prevent complications such
as wrong-side blocks, local anesthetic systemic toxiaty
(LAST), and so on.

The term “Never Event” was first introduced in 2001 by
Ken Kizer, MD, former CEO of the National Quality Forum
{MNQF), in reference to particularly shocking medical errors,
such as wrong-site surgery, which should never occur. Over
time, the term’s use has expanded to signify adverse events
that are unambiguous (clearly identifiable and measurable),
serious (resulting in death or significant disability), and
usually preventable.

Since the initial never event list was developed in 2002,
it has been revised multiple times and now consists of 29
“gerious reportable events” grouped into seven categories.
These categories include surgical or procedural events,
product or device events, patient protection events, care
management events, environmental events, radiologic
events, and criminal events.

Sentinel events are defined as an unexpected occurrence
involving death or serious physiological or psychological
injury, or the risk thereof. While sentinel events are unex-
pected, never events usually are preventable.

Wrong-side blocks are unambiguous, serious, and pre-
ventable. Hence they are considered to be never events.

Many events that could occur during regional anesthesia
are considered sentinel events. Examples include LAST,
seizures, inadvertent dural puncture, inadvertent placement

and Husien Taleb

of an intrathecal catheter, use of wrong local anesthetic
medication, unintended retention of nerve catheter in a
patient, and many others.

According to an Agency for Healthcare Research and
Quality (AHRQ)-supported study by Kwaan et al., wrong-
site surgery occurred at a rate of approximately 1 per
113.000 operations between 1985 and 2004,

In July 2004, The Joint Commission {(TIC) enacted a
universal protocol that was developed through expert con-
sensus on principles and steps for preventing wrong-site,
wrong-procedure, and wrong-person surgery.

The elements of the universal protocol include conduct-
ing a preprocedure verification process, marking the pro-
cedure site, and performing a time-out.

The universal protocol dictates the minimum require-
ments physicians must follow to help prevent basic surgi-
cal mistakes and is required o be implemented by all
accredited hospitals, ambulatory care, and office-based
surgical facilitics. It is important to note that these check-
lists are not intended to be comprehensive, and additions
and modifications to fit local practice are encouraged.

Additionally, other surgical safety checklists exist, includ-
ing one by the WHO. It includes aspects to be performed
before induction of anesthesia, before skin incision, and
before the patient leaves the operating room,

Wrong-site regional anesthetic procedure is considered
a never event, with an incidence rate of 7.5 per 7000, It is
much more common than the incidence of wrong-site
surgery, which is estimated to be approximately 1 event per
L 00,000,

Besides wrong-site regional anesthetic procedures, there
are rare serious complications that may occur with regional
anesthesia:

e LAST, with an incidence of 0.03%, or 0.27 episodes

per 1000 peripheral nerve blocks
* [nfection
s Bleeding
* MNerve injury

Efforts have been made to decrease these adverse events.
National guidelines have been developed by TJC and the
American Society of Regional Anesthesiaand Pain Medicine
(ASRA) to reduce the incidence of these complications. A
preprocedural checklist was created for performing regional
nerve blocks and published in 2014.
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Regional Block Preprocedural Checklist

1. Patient is identified, two criteria.

2. Allergies and anticoagulation status are reviewed.
3. Surgical procedure/consent is confirmed.

4. Block plan is confirmed, site is marked.,

5. Necessary equipment is present, drugs/sclutions are
labeled.

6. Resuscitation equipment is immediately available: airway
devices, suction, vasoactive drugs, and lipid emulsion,

7. Appropriate ASA monitors are applied; intravenous
access, sedation, and supplemental oxygen are
provided, if indicated.

B. Aseptic technique is used: hand cleansing is
performed, mask and sterile gloves are used.

9. “Time-out” is perfarmed before needie insertion for
each new block site if the position is changed or
separated in ime or performed by another team.

Adapred fram Mulroy MF, Welier RS, Liguon GA. A checklist for
performing regional nerve blocks [published correction appears in
Reg Anesth Foin Med. 2014;39(4):357). Reg Anesth Poin Med,
2014:39(3):195-199

nipsfdor argf10 1097/ AAR 0000000000000075,

| 4.1) that includes site marking, risk factors for LAST,
| maximum dose of anesthetic, anticoagulation, and other

Although wrong-site regional anesthesia events, LAST, and
other serious complications are rare, the effects can be
devastating. By creating a comprehensive checklist (Fig.

preventive measures, the goal is to decrease the
incidence of complications.

CHART COMPLETION
—_————
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_ 'SECTION 2
Unper Extremity Blocks




Upper Extremity Block
Anatomy

‘The brachial plexus, a somatic nerve plexus, is formed by
the anterior rami of cervical nerves 5 to 8 (C5-C8) and the
majority i the first thoracic nerve (T1) (Fig. 3.1). It ngins
i dhe necl and moves laterally and inferiorly into the
axilla. As this occurs, it is divided structurally into various
components, that is, roots, trunks, divisions, cords, and
terminal nerves (Fig. 5.2). Major nerves innervating the
upper limb are from the brachial plexus. primarily from the
cords. Hegarding relationships with arteries, the most
medial/proximal portions are posterior 1o the subclavian
artery. and the most lateral/distal portions surround the
axillary artery (Fig. 5.3).

Nerves supplying the ventral (anterior) part of the upper
extremity originate from anterior divisions of the trunks of
the brachial plexus, forming the medial and lateral cords
(Fig, 5.4).

Nerves supplying the dorsal (posterior) part of the upper
extremity originate from posterior divisions of the trunks of
the brachial plexus, forming the posterior cord (see Fig. 5.4).

ROOTS

The anterior rami of C5 to C8 and most of T1 are classified
as the roots of the brachial plexus (Fig. 5.5). Near the origin
of these structures, they receive gray rami communicanies
from the sympathetic trunk, which carry postganglionic
sympathetic fibers and which the roots distribute to the
periphery. The roots pass between the anterior and middle
scalene muscles, which places them in the posterior tri-
angle of the neck (Fig. 5.6). With regard to vasculature, the
roots are superior and posterior to the subclavian artery.

While there are small branches from the C5 to C8 roots
that supply muscles in the neck and a branch of C5 that
contributes to the nerve supply to the diaphragm, two major
nerves do originate from the roots of the brachial plexus—
the dorsal scapular nerve and the long thoracic nerve (sce
Fig. 5.3).

The dorsal scapular nerve arises from the C5 root,
passes posteriorly to the medial border of the scapula, and
continues inferiorly along this structure, innervating the
rhomboid minor and major muscles, The long thoracic
nerve originates from the C5 to C7 rools, passes

Richard L. Drake

downward through the neck, enters the axillary inlet, and
continues inferiorly on the medial wall of the axilla, sup-
plying the serratus anterior muscle. It is unique in its
positioning as it travels on the anterior/superficial aspect
of this muscle,

T ——————
i |__' _j:._‘l |

Interscalene Block (Classic Anterior
Approach)

This block is effective for surgery of the shoulder or upper
arm because the roots of the brachial plexus are blocked in
this technique (Fig. 5.7). Frequently, the ulnar nerve and
its distal supply to the hand are spared. It is regarded as
ideal for shoulder joint repairs or other procedures that
focus on the joint.

TRUNKS

The combining of various roots forms the trunks of the
brachial plexus (see Fig. 5.2). The C5 and Cé roots come
together to form the superior trunk, the C7 root continues
on as the middle trunk, and the C8 and T1 roots form the
inferior trunk. With regard to positioning, the inferior
trunk is on rib 1 and posterior to the subclavian artery,
while the superior and middle trunks are more superior
(see Fig. 5.6).

Similar to the branching that occurs from the roots of
the brachial plexus, there are only two major nerves that
arise from the trunks, and they both take origin from the
superior trunk. They are the suprascapular nerve and the
nerve to the subclavius muscle (see Fig. 5.3). The supra-
scapular nerve is a branch of the superior trunk and con-
tains contributions from spinal cord levels C5 and Cé.
Passing laterally, it moves through the posterior triangle of
the neck and enters the posterior scapular region through
the suprascapular foramen. It is joined in the lateral part of
the neck and in the posterior scapular region by the supra-
scapular artery and innervates the supraspinatus and infra-
spinatus muscles. Similarly, the nerve to the subclavius
muscle also branches from the superior trunk, thus contain-
ing contributions from the C5 and C6 spinal cord levels,
moves anteroinferiorly over the subclavian artery and vein,
and supplies the subclavius muscle (see Fig. 5.3).
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Fig. 5.1 Innervation of the upper limb,
(From Drake RL. Vogl AW, Wilchell M.
Gray's Analomy for Sudenis. 4th ed
Frilagephva: Emever: 2020

{C6 1o C8.T1)

Radial nerve
{C5 to C8,T1)

Middle scalene muscle - ;
Superior cervical

sympathelic ganghon
Roots

(anterior rami of C510 T1) Gray ramus
o CcommMmunicans
(superior, middle, inferior

Divisions Middle cer'_uical )
{anterior, posterios) sympathetic ganglion
Inferior cervical

Cords
sympathetic ganglion

{medial, lateral, posterior)

Antenor scalene tendon

Fig. 5.2 Brachial plexus—major companents in the neck and axilla, (Frorm Drsers 14, o) AN, WMchet AU, Gray's Anatory for Studerts
&inea. Prosdenra Blaager, 2020
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Fig. 5.3 Brachial plexus—relationships to the axillary artery, (From Dratee BL, Vool AW, Michel AWM, Gray's Anatormy for Studenns, 4ih ed,
Fhiladelphu: Eisever, 2020 )

Suprascapular Block

The suprascapular nerve branches from the superior trunk of
the brachial plexus after the C5 and C6 nerve roots have joined.
It enters the supraspinatus fossa through the suprascapular
notch, passing under the superior transverse scapular ligament
(Fig. 5.8). The suprascapular nerve innervates nearly 70% of
the superior and posterior parts of the shoulder and virtually
none of the anterior and inferior regions. This block is primar-
ily used for shoulder surgeries that use a posterior approach.

DIVISIONS

Fig. 5.4 Brachial us—schematic showi . : g
bEﬁhFal il {Fm S g m,wr-:-:gr m _'an's The superior, middle, and inferior trunks each separate into

Anatomy for Students. 4th ed. Priadelphia: Blsevier; 2020) anterior and posterior divisions (see Fig. 5.5). These divisions
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Fig. 5.5 Brachial plexus—schematic showing branches of the brachial plesus. (From Drake AL Vol AN, Wllcnet AWM. Gray's Anatomy for

s, <M a2 PRisdeiona: Esever; 2020

ultimately will give rise to the specific nerves. The three ante-
rior divisions will form nerves that are associated with the
anterior compartments of the arm and forearm, while the
three posterior divisions will form nerves that are associated
with the posterior compartments of the arm and forearm.

Supraclavicular Block

This block is effective for anesthesia of the entire upper
extremity and is carried out at the division level of the
brachial plexus. The location of this block is in the area
where the subclavian artery and divisions of the brachial
plexus pass over the first rib between the insertion of the
anterior and middle scalene muscles (see Fig. 5.2).

CORDS

The cords form from the divisions (see Fig. 5.5) and are asso-
ciated with the second part of the axillary artery (see Fig, 5.3).
Most of the nerves of the upper limb are branches of the three
cords. The lateral cord, named for its positional relationship
with the axillary artery, forms from the joining of the anterior
divisions of the amerior and middle trunks. The medial cord,
occupying 2 position medial to the axillary artery, is the
extension of the anterior division of the inferior trunk. The
posterior cord, being posterior to the axillary artery, receives
all of the posterior divisions. The majority of terminal nerves
branch from the three cords in the brachial plexus.

Medial Cord. 'The medial cord has five branches (Fig,
5.9), The first and most proximal branch from the medial
cord is the medial pectoral nerve, Afier receiving a com-
municating branch from the lateral pectoral nerve, the
medial pectoral nerve passes anteriorly between the axillary

artery and vein. Branching occurs, with some branches
passing into the pectoralis minor muscle, innervating it;
through this muscle and into the pectoralis major muscle,
innervating it; with additional branches passing around the
lateral border of the pectoralis minor muscle entering the
pectoralis major muscle, innervating it. The next branch,
the medial cutaneous nerve of the arm (medial brachial
cutaneous nerve), moves through the axilla and into the
arm. Thus fibers of this branch innervate the upper medial
surface of the arm and Mloor of the axilla. Moving distally,
the medial cutaneous nerve of the forearm (medial ante-
brachial culaneous nerve) is the next branch. It moves out
of the axilla into the arm supplying the skin over the biceps
brachii muscle. Continuing inferiorly, traveling with the
basilic vein, it innervates the skin over the anterior surface
of the forearm and skin, along the medial surface of the
forearm o the wrist, Continuing distally, the medial root
of the median nerve is the next branch. Passing laterally,
this branch joins with a similar branch originating from the
lateral cord, forming the median nerve anterior to the third
part of the axillary artery. The final branch of the medial
cord is the ulnar nerve. This large branch may receive a
communicating branch from the lateral root of the median
nerve, consisting of C7 fibers from the lateral cord. The
ulnar nerve passes through the arm and forearm, entering
the hand. As it passes through the forearm, it innervates
the flexor carpi ulnaris and the medial half of the flexor
digitorum profundus muscles. In the hand, the ulnar nerve
innervates all the intrinsic muscles, excluding the three
thenar muscles and the two lateral lumbrical muscles. It
also innervates the skin over the palmar side of the litde
finger, the medial half of the ring finger, parts of the palm
and wrist, and the dorsal surface of the medial portion of
the hand,

Lateral Cord. The lateral cord has three branches (see
Fig. 5.9). The lateral pectoral nerve is the first branch from
the lateral cord. It penetrates the clavipectoral fascig,
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Fig. 5.7 Artenies and nerves associ
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ulnar nerve). The median nerve continues into the hand,
innervating the three thenar muscles, the two lateral lum-
brical muscles involved in movements of the index and
middle fingers, the skin on the palmar side of the lateral
three-and-one-half digits, and the skin on the lateral side
of the palm and middle of the wrist.

Posterior Cord. The posterior cord has five branches,
four of which innervate muscles related to movements of
the shoulder or the posterior wall of the axilla, while the
remaining branch passes into the arm and forearm (Fig.
5.10). Originating in this order, the superior subscapular,
the thoracodorsal, and the inferior subscapular nerves
pass inte muscles contributing to the posterior wall of the
axilla. The short superior subscapular nerve supplics the
subscapularis muscle; the longer thoracodorsal nerve
passes along the posterior axillary wall and enters the
latissimus dorsi muscle, innervating it; and, following the
same path, the inferior subscapular nerve innervates the
subscapularis and teres major muscles. Branching next
from the posterior cord is the axillary nerve. This nerve
passes inferiorly and laterally alnng the posterior wall of

Rectus capitis anterior muscle
Rectus capitis lateralis muscle

Lomgus capilis muscla

Levator scapulae muscle

Longus colli muscle

Anlariar

Middle
Scalene muscles

Paslenor

Phrenic nerve

the axilla and exits through the quadrangular space. It
continues passing posteriorly around the surgical neck of
the humerus, innervating the deltoid and the teres minor
muscles. Additionally, the axillary nerve, after passing
through the quadrangular space, has a branch, the supe-
rior lateral cutaneous nerve of the arm, which loops
around the delioid muscle to innervate the skin in this
region. Finally, the largest branch of the posterior cord,
the radial nerve, leaves the axilla, entering the posterior
compartment of the arm through the triangular interval
{an area between the inferior border of the teres major
muscle, the long head of the triceps brachii muscle, and
the shaft of the humerus). Traveling with the radial nerve
at this point is the profunda brachii artery. The radial
nerves innervate muscles in the posterior compartment
of the arm and forearm, the skin on the posterior surface
of the arm and forearm, the lower lateral surface of the
arm, and the dorsolateral surface of the hand. An addi-
tional branch of the radial nerve in the axilla, the posterior
culaneous nerve of the arm, innervates the skin on the
posterior surface of the arm,
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Infraclavicular Block

The infraclavicular block is useful for single-injection and
continuous infusion techniques. Generally, it is referred 1o
as a sensory and motor block and is used for procedures
on the elbow, forearm, and hand. The block is performed
at the level of the proximal axilla. The axilla is a pyramid-
shaped space with an apex formed by the clavicle, scapula,
and first rib coming together (Fig. 5.11). The neurovascular
structures enter through this apex. The anterior and poste-
rior divisions become cords as they enter the axilla and
various nerves leave the cords (see Fig. 5.2).

Axillary Block

This block is used for surgical procedures distal to the elbow,
such as hand and forearm surgeries. It is usually done at the level
of the distal axilla. The nerves affected are the musculocutane-
ous, median, ulnar, and radial nerves (see Figs. 5.9 and 5.10).

TERMINAL NERVES

* Median nerve—motor and sensory from medial and
lateral cords of BP (Fig. 5.12).

» Sensory—the skin on the palmar surfaces of the
lateral three-and-one-half digits and cutaneous
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regions over the dorsal aspects of the distal
phalanges (nail beds) of these digits.

» Motar—innervates all muscles of the forearm half of the ring finger.
except the flexor carpi ulnaris and the medial .
part of the flexor digitorum profundus. In the
hand, it innervates the three thenar muscles and
the two lateral lumbricals.

 Ulnar nerve—from C8 and T1 nerve roots as the
terminal branch of medial cord with motor and

sensory components (see Fig. 5.12).

* Sensory—innervates the skin on the palmar and
dorsal surfaces of the little finger and the medial

Motor—in the forcarm, innervates the flexor
carpi ulnaris and the medial part of the flexor
digitorum profundus. It innervates all intrinsic
muscles in the hand except for the three thenar
muscles and the two lateral lumbricals.

* Radial nerve—motor and sensory from the posterior
cord of BP, with components from C5 1o T1 nerve



Upper Extremity Block Anatomy -

Superior subscapular nerve
Axillary nerve

Inferior subscapular nerve
Radial nerve

Postarior culancous
nerve of arm

Thoracodorsal nerve

Fig. 5.10 Branches of the lateral and medial cords of the brachial plexus. (From Drake AL, Vogl AW, Mitchel AWM. Gray's Anatomy for
Students. 4ih ed. Philadeiphia. Blsevier; 2020)

Fig. 5.11 Upper limb—superior view of tha shoulder. (From Drake AL, Vog! AW, Mitchell AWM. Gray's Anafomy for Studeants. 4th ed.
Priladeiphia; Eisevier; 2020 )
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Lateral cord

Musculocutaneous nerve

Musculocutaneous nerve

Ulnar nerve

Medial intermuscular seplum
Radial nerve

Medial epicondyla

FLg 5 12 Musculocutaneous, median, and uinar nerves in the anm. (From Drase B Vog! AW, Michel AWM. Gray's Anatomy for Students.
& =enns Exavar, 2020)

roots. At the elbow, it divides into superficial and
deep branches (Fig. 5.13).

* Sensory—innervates the skin on the dorsolateral

aspect of the hand and the dorsal aspects of the Distal Upper EKtI‘EH‘tIt'f Blocks

Imﬁfl Ihtﬂ'mg‘?n&ha]l{ d.lﬁm' upto:the These blocks may be performed at various levels, that is,

tesminal inlerpha aBgea JOIS. ; arm, elbow, forearm, and wrist, and are meant to affect the
s Motor—innervates all of the muscles in the

median, ulnar, and radial nerves.
posterior compartment of the forearm.



Upper Extremity Block Anatomy
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Profunda brachin ameny

Radial nerve (in rachal groove)

Inferior lateral cutaneous nerve of arm
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} : 1l ; Paosterior cutaneous nerve of forearm
Branch to medial head of inceps brachi i
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f % Y Wi
Medial epicondyle i\ i
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Fig. 5.13 Radial nerve in the arm, (From Draies RL, Vog) AW Machel 880, Gray's Anatomy for Studenis. 4th ea. Priaceionia. Elsever, 20E0)

Shoulder Joint Innervation superior trunk, the lateral pectoral nerve from the lateral

cord, and the axillary nerve, as well as direct branches from
The glenohumeral or shoulder joint is in a unique position. the posterior cord. For this reason, various blocks may be
It is innervated by nerves arising from three different parts used, such as the interscalene or the suprascapular, to

of the brachial plexus—the suprascapular nerve from the achieve the desired result.



“oints
© The axillary nerve innervates the anterior and poste-
rior parts of the inferior portion of the shoulder joint.

¢ Axillary nerve blocks can be used for quadrilateral
space syndrome.

<« Combined axillary nerve and suprascapular nerve
blocks could be used for postoperative pain relief
after shoulder surgeries in cases where there are
contraindications for an interscalene brachial plexus
block.

= The in-plane approach is the preferred way for axil-
lary nerve block using ultrasound.

= |dentification of the posterior circumflex humeral
artery is the key landmark for the axillary nerve
block. Visualization of the posterior circumflex
humeral artery will be enhanced by utilizing color
Doppler ultrasound.

"The axillary nerve branches from the posterior cord (C5-
T1} and descends in the axilla posterior to the subscapu-
laris. [t emerges from the axilla at the level of the lower
border of the subscapularis by traversing the quadrilateral
space. This is a space in the posterior scapular region which
is bounded by the superior margin of the teres major infe-
riorly; the inferior margin of the teres minor superiorly; the
lateral margin of the long head of the triceps brachii medi-
ally and the surgical neck of the humerus laterally. The
posterior circumflex humeral artery and vein also run pos-
terior to the axillary nerve in this nerve. The articular
branches of the axillary nerve 1o the shoulder joint arise
from three sites: the main trunk, anterior, and posterior
divisions. After the axillary nerve enters the quadrilateral
space, one or two of the articular branches 1ake off from
the main trunk. These articular branches travel with the
anterior circumflex humeral artery and pass between the
tendons of the subscapularis and latissimus dorsi muscles.
At the medial border of the humerus, the articular branches
continue superiorly deep to the tendon of the subscapularis
muscle. Before they reach the capsule, each split into two
main branches that themselves ramify into small nerve
bundles within the joint capsule. The axillary nerve inner-
vates the anterior and posterior parts of the inferior portion
of the shoulder joint (Fig. 6.1).

Ehab Farag

‘The high-frequency linear ultrasound probe is placed in the
long-axis orientation over the medial side of the posterior
humerus. The hyperechoic margin of the shaft humerus
and the adjacent long head of the triceps muscle are identi-
fied. The transducer is slowly moved toward the axilla while
tracing the hyperechoic margin of the humerus until the
hyperechoic margin curves outward as the transducer
approaches the inferior head of the humerus. Below the
point of this outward curve, the axillary nerve and poste-
rior circumflex humeral artery lie in the quadrilateral
space. Color Doppler may be helpiul in identifying the
posterior circumilex artery,

TECHNIQUE

The patient is usually placed in a sitting position with the
forearm resting comfortably on the ipsilateral thigh, allow-
ing identification of the axillary nerve in the quadrilateral
space close to the posterior circumflex artery. The needle is
placed above the center of the transducer and then is
advanced using an in-plane approach under real-time ultra-
sound guidance till the tip of the needle ultimately rests in
proximity to the axillary nerve as it lies in the quadrilateral
space. After careful aspiration, 10 mL of either 0.2% ropi-
vacaine or 0.25% bupivacaine is injected around the nerve
for a shoulder surgery, or 3 mL of lidocaine 1% for quadri-
lateral space syndrome (Figs. 6.2 and 6.3, Video 6.1).

PEARLS

¢ [nnervation of the shoulder joint is provided mainly
by suprascapular, axillary, lateral pectoral, and lower
subsr:apulnr NnEerves,

* ‘The suprascapular nerve provides the greatest
contribution to overall shoulder innervation.

* The combined suprascapular nerve and axillary
nerve blocks for shoulder surgery are associated
with a lower incidence of numbness, tingling, motor
weakness, Horner syndrome, and subjective dyspnea
compared to interscalene brachial plexus block.

* The motor blockade of combined suprascapular

nerve and axillary nerve blocks for shoulder surgery
is confined to the deltoid, supraspinatus,
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Postenior
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Long head of
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Fig. 6.1 Anatomy of the axillary nerve in the guadrilateral space and ils relalion to the posterior circumilex arlery.

infraspinatus, and teres minor muscles (posterior severe preexisting respiratory insufficiency due to
rotator cuff). chronic obstructive pulmonary disease, restrictive
pulmonary disease, bronchial asthma, and morbid

* Interscalene brachial plexus block is contraindicated

in patients with contralateral phrenic nerve palsy, obesity.



Axillary Nerve Block

Jusi-

Fig. 6.2 Patient’s position for the axillary nerve block. Molice the in-plane needle technique for the block,
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Fig. 6.3 Mustration of the ultrasound image for the axillary nerve block.
SUEEEStEd Reading shoulder surgery. An equivalence study. Reg Anestl Pain Med.

20016:41:564-571.

Dhir 5, Sondekppam R, Sharma F. Ganapathy 5, Athwal G5, A Laumonerie P, Dalmas Y, Tibbo ME, et al. Sensory innervation
comparison of combined suprascapular and axillary nerve of the human shoulder joint: the three bridges to break. |
blocks to interscalene nerve block for analgesia in arthroscopic Shoulder Elbow Surg. 2020;29:e499-507.



Interscalene and Superior
Trunk Blocks

yints

The interscalene nerve block remains the most com-
monly used peripheral nerve block for shoulder
SUrgery.

= The interscalene nerve block provides anesthesia for
shoulder joint surgery by blocking the CS and C6
nerve roots.

o The interscalene nerve block provides excellent anal-
gesia after shoulder surgery while avoiding hand
weakness.

¢ The main complication of the interscalene nerve
block is hemidiaphragmatic paralysis. Interscalene
nerve blocks are contraindicated in patients with
contralateral phrenic nerve palsy, severe preexisting
respiratory insufficiency due to chronic obstructive
pulmonary disease, and severe restrictive pulmo-
nary disease.

e A small, linear (20- to 25-mm) footprint is preferred
for this block.

¢ The most successful way to perform this block is to
visualize the brachial plexus in the supraclavicular
region and then scan cephalad to identify the roots
that are sandwiched between the anterior scalene
and middle scalene muscles.

¢ |nsertion of the needle and the catheter between C5
and C6 or C6 and C7 will help to anchor the catheter
properly and ensure good analgesia after shoulder
SUFEEry.

s The superior trunk block provides adequate analge-
sia for shoulder surgery, with less hemidiaphrag-
matic paralysis.

= o v
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Innervation of the shoulder joint is provided by the supra-
scapular nerve, axillary nerve, lateral pectoral nerve, and
lower subscapular nerve according to Hilton's law, which
states that the nerve supplying the muscles extending
directly across and acting at a given joint not only supplies
the muscle but also innervates the joint and the skin overly-
ing the muscle,

The suprascapular nerve is the greatest contributor to
overall shoulder innervation. It provides sensory innervation
to the posterior glenohumeral capsule, subacromial bursa,
and coracoacromial and acromioclavicular ligaments.

Ehab Farag

The axillary nerve provides the sensery innervation to
the smaller areas involving the inferior portion of the ante-
rior and posterior glenohumeral capsule. In addition, the
axillary nerve provides sensory innervation to the lateral
part of the anterior shoulder joint via its articular branches.

The lower subscapular nerve provides the sensory inner-
vation to the medial portion of the shoulder joint,

The long pectoral nerve also provides the sensory inner-
vation to the anterosuperior quadrant of the shoulder,
including the anterior edge of the subacromial bursa, cora-
coacromial ligaments, and glenohumeral capsule.

SONOANATOMY

The interscalene block is performed in the posterior tri-
angle (Figs. 7.1-7.6), which lies between the posterior
border of the sternocleidomastoid muscle and the trapezius
muscle, next to the sixth and seventh cervical vertebrae, In
the interscalene block, the brachial plexus is made up of
nerve roots (C5, C6, and C7) or trunks. The brachial plexus
in the interscalene block appears as hypoechogenic nodules
{due to the high ratio of neural/nonneural tissue in this
region) located between the anterior and middle scalene
muscles under the prevertebral fascia. The dorsal scapular
and long thoracic nerves of the brachial plexus are fre-
quently located in the middle scalene muscle at less than 1
e¢m posterior to the plexus. The nerves appear as hyper-
echoic structures containing a hypoechoic center.

INDICATIONS

e The principal indication for interscalene block is
surgery of the shoulder. Local anesthetic spread after
the block includes the supraclavicular {nonbrachial
plexus) nerve (C3=C4), which supplies sensory
innervation to the cape of the shoulder.

¢ The interscalene block can be used for surgery on
the humerus neck; however, it is not sufficient for
hand surgeries, as it misses the lower roots and the
trunk of the plexus.

TECHNIQUE

The patient position is usually either supine with the head
turned to the opposite side to be blocked or in the lateral
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Fig. 7.1 Interscalene block; sudace anatomy.
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Fig. 7.2 Interscalene block: the anatomy of the scalene muscles and their relationship to the brachial plexus.
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Fig. 7.5 The myctome innervation of the upper limb.

We prefer 10 use ropivacaine 0.2% for this block, as it
results in a relatively reduced motor blockade.
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The ventral rami of C5 and C6 unite to form the superior
trunk. The suprascapular nerve and the nerve 1o the sub-
clavius arise from the superior trunk. OF note, the trunks
of the brachial plexus pass between the anterior and middle
scalene muscles.

The superior trunk block has been described recently as
an alternative to the interscalene block. The superior trunk

block could provide similar analgesic effects but with
reduced rates of hemidiaphragmatic paralysis compared
with the interscalene block.

TECHNIQUE

The patient’s position is usually either supine with the head
turned to the opposite side to be blocked or in the lateral
decubitus position.

After identifying the cervical roots and scalene muscles,
as in the interscalene block, the linear probe will be moved
distally until the suprascapular nerve branches off the



Interscalene and Superior Trunk Blocks
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Fig. 7.6 Sclerolome innervation of the upper limb.

superior trunk are seen. The targeted level of insertion for trunk. In the single-shot technique, we usually inject 20 mL
the injection should be immediately before the branching- of 0.2% ropivacaine. In the catheter technique, we use a
off point of the suprascapular nerve. The needle will be Tuohy needle for catheter insertion. Ideally, the catheter

inserted from lateral to medial, using an in-plane technique. should be posteriorfinferior to the superior trunk (Fig.
The tip of the needle will be placed posterior/inferior to the 7.15).



Fig. 7.7 The lateral decubilus position (posterior approach) for the interscalene block.
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Fig. 7.8 The anatomy of the inlerscalene block and the lateral decubilus position.



Interscalene and Superior Trunk Blocks

Fig. 7.9 The brachial plexus is scanned in the cephalad direction from the supraclavicular region to identify the roots of the brachial
plexus in the interscalong regien between the anterior and middle scalene muscles,

The three nerve blocks for shoulder surgery with phrenic-
sparing effects are the superior trunk, suprascapular
nerve, and combined suprascapular and axillary nerve

blocks. The anterior suprascapular approach provides
noninferior analgesia compared to the interscalene nerve
block while preserving the pulmonary function. There is
spread of the local anesthetic in the anterior approach of
the suprascapular nerve block to the posterior division of
the superior trunk from which the axillary and subscapu-
lar nerves arise, making a separate axillary nerve block
redundant.
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Fig. 7.10 In-plane technigue for interscalene block with the needle direction from posterior to anterior in the lateral decubilus position,



Interscalene and Superior Trunk Blocks

Middle scalene muscle S,

Merve root

Anlerior
fr.'-alene muscle

L carotid
anery

— Jugular
win

— Sternccleido-
mastoid
muscle

Postenor Antenor

Fig. 7.11 Interscalene block. Motice the needle has to pass through the middle scalene muscle to reach the roots of the brachial plexus
in the interscalene groove.

Fig. 7.12 The needle position belween C5 and C6 roots of the brachial plexus,
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Fig. 7.13 The anatomy of the interscalene black. Mote that the roots are blocked in this technigque.

Fig. 7.14 Uitrasound of the interscalene. Note that the rools of the brachial plexus are sandwiched between the scalenus anterior and
the scalenus medius,
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Fig. 7.15 The superior trunk and suprascapular nerve block. Mote that the suprascapular nerve emerges from the superior trunk.
The needie position is beneath the superior trunk and suprascapular nerve,



Supraclavicular Block

Ehab Farag

Points
A small, linear {20- to 25-mm footprint) transducer
5 preferred for this block.

iry to identify the cervical pleura and keep the
needle direction in a parallel position to the first rib
to avoid injuring the pleura and to prevent the devel-
opment of pneumothorax.

@ For catheter insertion, the Tuohy needle is vsually
used, The catheter is typically inserted superior to
the subclavian artery in the case of shoulder surgery,
or in the corner pocket between the artery and the
first rib in the case of hand surgery. The correct posi-
tion of the catheter can be confirmed under ultra-
sound by either injecting local anesthetic or 1 mL of
air via the catheter and observing its distribution in
relation to the plexus.

{1

SONOANATOMY

The brachial plexus in the supraclavicular region is com-
posed mainly of three trunks: superior, middle, and infe-
rior. These trunks pass across the upper surface of the first
rib, where they lie posterior and superior to the subclavian
artery. The trunks then divide into anterior and posterior
divisions behind the clavicle. With ultrasonography, the six
divisions can be seen compactly arranged and located
superior and posterior to the subclavian artery as the
artery passes over the first rib. Practically, in the supracla-
vicular approach for the brachial plexus, the trunks and
the divisions appear as a compact group of nerves (like a
bunch of grapes) lying superior and posterior to the artery
(Figs. 8.1-8.3).

INDICATIONS

¢ The supraclavicular block is very efficient for upper
limb and hand surgeries.

* ‘This block can be used for shoulder surgery;
however, it can miss the suprascapular nerve, which
supplies the sensory innervation to the
glenohumeral joint. Therefore the block could fail to

TECHNIQUE

The patient could be in either a semisitting position {beach-
chair position) by elevating the head of the bed 45 degrees,
or a supine position with the patient’s head turned to the
opposite side to be blocked. The first position is preferable
in obese patients. The usual probe position is in the coronal
obligue plane behind the midpoint of the clavicle to obtain
the short-axis view. Scan the supraclavicular fossa to identify
the subclavian artery and brachial plexus in the short-axis
view. The first rib and the cervical pleura should be identified
in this view as well. We prefer to use the in-plane approach
for this technique, and the needle will be inserted from the
posterior to the anterior direction (Figs. 8.4-8.7, Video 8.1).

PEARLS

s For hand surgery, the local anesthetic should be
inserted in the corner pocket between the subclavian
artery and the first rib to avoid missing the lower
trunk/divisions and therefore the ulnar nerve,

# For shoulder surgeries, try to visualize the
suprascapular nerve by scanning more proximal,
away from the artery.

®» [f the patient experiences chest pain and cough
during the procedure, they might have developed
pneumothorax. The procedure should be abandoned
and a chest x-ray should be ordered to confirm the
diagnosis,

= Try to examine the anterior chest wall by ultrasound
after every supraclavicular block to confirm the
absence of pneumothorax by visualizing the intact
pleura (sliding sign).

* Injury to the suprascapular nerve following
supraclavicular block usually presents with severe
shoulder pain followed by weakness in the
supraspinatus and infraspinatus muscles. To prevent
this complication, try not to inject above the plexus
to avoid exposing the nerve to toxic high
concentrations of local anesthetics. In addition,
avoiding injection above the plexus might decrease
the incidence of phrenic nerve palsy after the block.

® Parsonage-Turner syndrome has the same physical
presentations as suprascapular nerve injury.
However, Parsonage-Turner syndrome is often
idiopathic in its etiology, although its onset has been

o
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Fig. 8.2 The anatomy of the supraclawicular BIoCK. Note that the block is performed at the level of trunks and divisions of the brachial
plaus.



Supraclavicular Block

Cutaneous innervation of the upper limb Fig. 8.3 The sensory and molor distribution of the
supraclavicular block,
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Frg. 8.5 The probe is in the corenal oblique plane, Note the in-plane position of the needle with the direction of the needle from
postenor 10 anterior.
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Lung

& ) Fig. 8.7 Wirascund image of Fig. 8.6. Visualization of the first
Fig. 8.6 The needle position beneath the brachial plexus parallel fib and cervical pleura is crucial 1o avoid inducing
to the first rib. preumethorax while performing the block.
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Fig. 8.1 Anatomy of the suprascapular nerve,

moves laterally under the belly of the omohyoid muscle.
The 555 will be seen as a hyperechoic structure lateral to
the BE The echoic needle is advanced using the in-plane
technigue from lateral 1o medial. The end point for injection
is an ultrasound image demonstrating the needle tip in
proximity to the SSN deep to the inferior belly of the omo-
hvoid muscle, and the tip is positioned next to the fascial
plane of the SSN.

Care should be taken when advancing the needle 1o avoid
puncturing the omohyoid muscle. Tracing the SSN from its
origin (nerve root C5) can facilitate its identification (Fig. 9.2).

There are some data showing that the anterior blockade
of the SN block is noninferior to the interscalene periph-
eral nerve block, which is the gold standard block for shoul-
der surgeries,

SUPRASCAPULAR BLOCK POSTERIOR
APPROACH

This approach was first deseribed in 1941 as a treatment for
chronic shoulder pain.

Ideally, the patient should be placed in a sitting position,
and the operator should be behind the patient, with the
ultrasound machine in front of the patient and facing the
operator. This allows an uninterrupted field of view of the
ultrasound screen. The ultrasound transducer should be
placed parallel to the scapular spine. A transverse plane of
imaging is optimum for the ulirasound-guided SSN block.
By moving the transducer cephalad, the suprascapular fossa
can be identified. While imaging the supraspinatus muscle
and the bony fossa underneath, the ultrasound transducer
should be moved slowly laterally to locate the suprascapular
notch. The $5N should be seen as a round, hypoechoic struc-
ture beneath the transverse scapular ligament in the scapular
notch. Also, with the application of color Doppler, the 55N
can be visualized medial to the pulsation of the suprascapular
artery as an oval or a round, slightly hyperechoic structure.
We prefer to use the in-plane approach for this technique.
The echoic needle should be advanced using the in-plane
approach medial to lateral to visualize the whole length of
the needle (Fig, 9.3). The end point for injection is an ultra-
sound image demonstrating the needle tip in proximity 1o
the 55N in the supra.scapful:l.r notch below the transverse
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Fig 9.2 Suprascapular block, anterior approach.
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Fig. 9.3 In-plane technique for suprascapular block. The needle direction is from medial to lateral,

scapular ligament, and the spread of the LA confirmed as a
separation between the supraspinatus muscle and the spine
of the scapula (Figs. 9.4 and 9.5, Video 9.1).

Both techniques can spare the phrenic nerve blockage.
The anterior approach is quite sufficient for postoperative
pain control for shoulder surgery, as the SSN arises close
to the origin of the axillary nerve. However, in the posterior
approach, an axillary nerve block is required, in addition

to the SSN block, to ensure proper analgesia after shoulder
SUrgery.

Adjust the focal point to the suprascapular notch to
get a better image when performing the posterior
approach,

If possible, ask the patient to adduct the arm and move
it forward, thus bringing the nerve more superficially.
Using color Doppler can be very helpful, as the SSN
usually lies medial to the suprascapular artery.
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Fig. 9.4 Position of the patient and the ultrasound machine,

* The block is painful, as the needle will pass through
muscles, so prepare your patient with LA,
e Sumaﬁpu-'ranﬁs midazolam, and fentanyl,
e = fUSCIE Always use echogenic needles, as visualization of the
v i needle is difficult due to the steep angle used in
performing this block. You also can reduce the
needle angle by using an insertion point as far as
possible from the ultrasound probe while still
maintaining an in-line approach and visualization of
the entire needle during the block.
¢ ‘The SSN can be blocked using a small volume of LA
(average 4-5 ml).
The advantages of the SSN block over the interscalene
block are a marked decrease in the incidence of Horner
syndrome and phrenic nerve blockade.

Fig. 9.5 Uitraseund |
toward the supr nd image ol a 22-gauge needle directed



Suprascapular Block

Suggested Reading Martinez-Barenys C, Busquets ], de Castro PE, et al. Randomized
double-blind comparison of phrenic nerve infiltration and
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= Adinear or small curved transducer is preferred for
this block to minimize the transducer footprint.

© The axillary artery is usually 4 to 5 cm below the skin
in a typical patient,

s Because of the steep angle of needle insertion rela-
tive to the ultrasound beam, direct visualization of
the needle may be difficult.

= Approximately 15 to 30 mL of local anesthetic typi-
cally is sufficient to provide a complete block of the
plexus. A single injection at the & o'clock position
commonly suffices, but multiple injections may be
required to ensure spread around the three cords.

e Unlike an axillary block, the medial brachial and
antebrachial cutaneous nerves are blocked with this
technique. The intercostobrachial nerve (arising
from T2) may be separately biocked under the arm,
if desired.

¢ For catheter insertion, a Tuohy needle is usually
used. The catheter is usually inserted posterior to
the axillary artery and advanced 2 to 3 cm past the
needle tip. The correct position of the catheter can
be confirmed under ultrasound by injecting either
local anesthetic or 1 mL of air via the catheter and
observing its distribution relative to the plexus.

e Catheters are typically coiled on the skin over the
insertion site and covered with a transparent sterile
dressing.
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The infraclavicular brachial plexus block is useful for both
single-injection and continuous infusion techniques.
Originally described in the early 1900s, the technique was
not widely used until popularized in the latter part of the
20th century. This technique results in a sensory and motor
block similar to a traditional axillary approach, but it has
certain advantages. Thus it is most useful for procedures on
the elbow, forearm, or hand. Like the axillary approach, this
technique is carried out distant from both the neuraxial
structures and the lung, minimizing complications associ-
ated with proximity to those structures.

Patient Selection. There are fewer contraindications to
infraclavicular block than with more proximal blocks such

as the supraclavicular or interscalene approaches. Because
af the veryv low risk of ohrenic vemes blael thiis i al

is appropriate for patients with pulmonary disease or con-
tralateral diaphragmatic paralysis. Patients on anticoagu-
lant therapy or who have coagulopathies should be
considered on a case-by-case basis because of the relative
inability to compress the relevant vascular structures. To
undergo an infraclavicular block, the patient need not
abduct the arm at the shoulder, as is required for the axillary
approach, and thus the technique is preferable to an axillary
block in patients who cannot abduct their arms due to pain
or other limitations. However, abduction of the arm at the
shoulder elevates the clavicle and pulls the plexus anteriorly,
usually improving the ease of the procedure.

Choice of Anesthetic Drugs. Because postoperative anal-
gesia requires less motor block than is needed for surgical
anesthesia, the concentration of local anesthetic can be
decreased  during  postoperative  analgesia  regimens.
Appropriate drugs for infusion are bupivacaine 0.1% to
0.15% or ropivacaine 0.2%, both administered at initial rates
of 8 1o 12 mL/h. If a single-injection technique is used,
appropriate drugs are lidocaine (1%-1.5%), mepivacaine
(1%-1.5%), bupivacaine (0.5%), or ropivacaine (0.5%-
0.75%). Lidocaine and mepivacaine produce 2 to 3 hours
of surgical anesthesia without epinephrine and 3 to 5 hours
with the addition of epinephrine. These drugs are useful for
less involved procedures or outpatient surgical procedures,
For more extensive surgical procedures (or where a longer
block is desired), longer-acting agents such as bupivacaine
or ropivacaine are appropriate. Plain bupivacaine and ropi-
vacaine produce surgical anesthesia lasting 4 to 6 hours; the
addition of epinephrine may prolong this period to 8 to 12
hours. With the addition of adjuvants such as dexametha-
sone, blocks lasting as long as 18 to 24 hours are possible
with higher concentrations of ropivacaine or bupivacaine.

B
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*

PLACEMENT

Anatomy. At the level of the proximal axilla, where the
infraclavicular block is performed, the axilla is a pyramid-
shaped space with an apex, a base, and four sides (Fig.
10.1A). The base is the concave armpit, and the anterior
wall is composed of the pectoralis major and minor muscles
and their accompanying fasciae. The posterior wall of the
axilla is formed by the scapula and the scapular muscula-
ture, the subscapularis, and the teres major. The latissimus
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Infraclavicular Block
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Fig. 10.2 Anatomy important for infraclavicular block. (A) Muscles, bones, and neurovascular structures. (B) Cross-sectional (top) and
parasagittal (botlom) anatormy.
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respectivelv—as well aslymph nodes and loose arcolar tissue,
The neurovascular elements are enclosed within the ana-
tomically variable, multipartitioned axillary sheath, a fascial
extension of the prevertebral layer of cervical fascia covering
the scalene muscles. The axillary sheath adheres to the cla-
vipectoral fascia behind the pectoralis minor muscle and
continues along the neurovascular structures until it enters
the medial intramuscular septum of the arm (Fig. 10.2B).

The brachial plexus divisions become cords as they enter
the axilla. The posterior divisions of all three trunks unile

nerve
Axillary nerve
Ulnar nerve

to form the posterior cord, the anterior divisions of the
superior and middle trunks join to form the lateral cord,
and the anterior division of the inferior trunk forms the
medial cord. These cords are named according to their
relationship to the second part of the axillary artery (Fig.
10.3). From these cords, the nerves to the subscapularis,
pectoralis major and minor, and latissimus dorsi muscles
leave the brachial plexus. The medial brachial cutaneous,
medial antebrachial cutaneous, and axillary nerves also
leave the brachial plexus at the level of the cords.

Sternacledomaston
muscie (cut)

Antenor scabene
muscle (cut)

Subclavian vein
Clavicle (cut)

First rib

Radial nerve
A
3 Cords
Lateral
Medial
(ventral
nenves o
upper
exirermily)
Posterior
{dossal
Terminal nerves 1o
branches upper
- Musculo-  extremity)
{C5,6,7) culaneous nerve
(C5.6) Axillary nerve _.-_‘_J-d(
(C5.7.8-T1) Median nerve ;
{CB=T1) Ulnar nerve
(C5.6.7.8-T1) Radial nerve
B

Axillary artery

Pectoralis minor
muscle (cut)

] Trurﬂ:s_ 5 Roats

Supernor
Middle
Inferior,

\ T
' > Anterior and
. Y | middle scalene
3 muscles
First
rib

Subclavian antery  Axillary anery

Fig. 10.3 Brachial plexus anatomy important for infraclavicular block. {A) Regional anatermy. (B) Detailed infraclavicular anatomy.



Al the lateral border of the pectoralis minor muscle
{which inserts onto the coracoid process), the three
cords rcorganize to give rise to the peripheral nerves of
the upper extremity. Ina simplified scheme, the branches
of the lateral and medial cords are all "ventral” nerves
to the upper extremity. The posterior cord, in contrast,
provides all "dorsal” innervation to the upper extremity.
Thus the radial nerve supplies all the dorsal muscles in
the upper extremity below the shoulder. The musculo-
cutancous nerve supplies muscular innervation in the
arm and provides cutaneous innervation to the forearm.
In contrast, the median and ulnar nerves are nerves of
passage in the arm, but in the forearm and hand, they
provide the ventral musculature with motor innerva-
tion. These nerves can be further categorized: the
median nerve innervates more heavily in the forearm,
whereas the ulnar nerve innervates more heavily in the
hand.

Positionr. “The patient is placed supine, with the arm 1o
be blocked abducted at the shoulder a a 90-degree angle,
i possible. 11 pain prevents this, the arny can be left at the
patient’s side and adjustrnents can be made with skin mark-
ings. The anesthesiologist can stand on the ipsilateral or the
contralateral side of the patient, depending on their prefer-
ence and the patient’s body habitus, We prefer to stand on
the ipsilateral side of the patient.

Traditional Approach. The coracoid process is identi-
fied by palpation and a skin mark placed al its most
prominent portion. The skin entry mark is then made at
a point 2 em medial and 2 em caudal to the previously
marked coracoid process (Fig. 10.4A). Deeper infiltra-
tion is then performed with a 25-gauge, 5-cm needle

Chassaignac’s

lubercle

Infraclavicular Block

while the needle is directed from the insertion site in a
vertical parasagittal plane. Then a 7- to 9.5-¢cm, 20-
22-gauge needle is inserted in a direction similar to that
taken by the infiltration needle. [Ta paresthesia technigque
is used, a distal upper extremity paresthesia is sought; if
a nerve stimulator technigue is used, a distal upper
extremity motor response is sought. Il needle redirection
is needed 1o achieve either a I,'I;Il.‘l.:!itl'l.l..'$i.ﬂ or a4 motor
response, the needle should be redirected only in a ceph-
alocaudad are (Fig. 10.4B). To avoid inadvertent entry
into the thorax, it is critical not to direct the needle path
medially. The depth of the brachial plexus depends on
body habitus and needle angulation; it ranges from 2.5
to 3 em in slender patients and from 8 to 10 cm in larger
indiveduals,

Once adequate needle position has been achieved, either
the single-injection dose of local anesthetic is administered
incrementally, or 20 mL of preservative-lree normal saline
solution (5% dextrose if a stimulating catheter is used) is
injected before threading the continuous brachial plexus
catheter. For a single-injection technique, the block can be
admunisterad in a manner similar 1o that used in either a
supraclavicular or an axillary block.

POTENTIAL PROBLEMS

An infraclavicular block should not cause neuraxial or
pulmonary complications. Although vascular compro-
mise (puncture of the axillary artery or vein) is theo-
retically  possible, in our experience this occurs
infrequently. If a continuous catheter technigque is

Cephalocaudal arc
of needle redirection

Fig. 10.4 The technique of the infraclavicular block. {A) Surface markings for the black. (B) Parasagittal view showing the arc of needle

redirection,
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chosen, there is the possibility that despite adequate
initial needle position, the catheter may be threaded too
far away from the plexus to result in an effective block,
However, the use of stimulating catheters has decreased
this concern.

SONOANATOMY

The brachial plexus in the infraclavicular region consists of
three cords, each named for its classical position relative to
the second portion of the axillary artery: medial, lateral, and
posterior. There is, however, significant anatomic variation.

The cords and axillary vessels lie deep to the pectoralis
major and minor muscles, just below the fascia of the pec-
toralis minor. The ultrasound transducer should be placed
in a parasagiltal oriemtation caudal to the coraceid process.
roughly perpendicular to the clavicle, so that the plane of
the ultrasound beam cuts the brachial plexus cords and
axillary vessels in the short-axis view, The axillary artery is
seen in cross-section as a hypoechoic, noncompressible pul-
satile structure, whereas the axillary vein usually lies infe-
rior and/or superficial to the artery, With the left side of the
screen oriented cephalad, the lateral, posterior, and medial
cords are often found at 9 to 10 oclock, 6 to 7 otlock, and
4 10 5 ofclock relative to the artery, respectively. The cords
are often difficull to identify distinctly, emphasizing the
importance of placing the local anesthetic deep into the
pectoral fascia (Fig. 10.5). Depending on how medially the

C5

Infraclavicular
block

Humerus

Acromion
Clavicle

Brachial plexus

Injection site

Pectoralis minor

&LML

Fig. 10.5 Tha analormy of the infraglavicular block.



infraclavicular Block

transducer is placed, the ribs andfor pleura may be identi-
fied in the inferior part of the image.

INDICATIONS

e Infraclavicular blocks are very effective for arm,
elbow, forearm, and hand surgeries.

= Both single-shol and continuous techniques are
possible. Continuous infraclavicular nerve blocks
may provide superior analgesia compared with other
technigues.

visualization of the cords, we prefer to use the medial infra-
clavicular approach in which the arm is abducted 110
degrees, externally rotated, and the elbow is flexed 90
degrees. This will bring the cords closer together, superior
to the axillary artery, and they may lie closer to the skin.
The puncture site is made at the apex of the deltopectoral
groove in the parasagittal plane. An in-plane approach is
recommended [rom the cephalad end of the probe along
its long axis. In the case of catheter insertion, we first prefer
to use a 22-gauge needle to inject the local anesthetics
around the three cords separately; then we use the Tuohy
needle o place the catheter beneath the posterior cord
(Figs. 10.6=10.8, Video 10.1).

TECHNIQUE

ALTERNATIVE APPROACHES

The patient may be placed either supine or semisitting. The
patient’s head should be turned away from the side to be
blocked. In the classic technique for the infraclavicular
block, the arm is adducted to the side; therefore it is called
the lateral infraclavicular technique, However, to improve

Costoclavicular Block

The costoclavicular space lies deep to the clavicle and super-
ficial to the second rib. In this space, the cords of the bra-
chial plexus are more closely positioned and are typically

Fig. 10.6 The medial approach for the infraclavicular block. Note that the arm is abducted.
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Fig. 10.7 The lateral approach for the infraclavicular block. Note that the arm is adducted. The in-plane technique is used for both, with

the needle direction from proximal to disial,

lateral to the axillary artery. This allows the use of lower
doses of local anesthetic (20 mL has been reported as an
effective volume). The patient is placed supine, with the arm
abducted at the shoulder and with the head turned slightly
2way. The transducer is placed immediately caudad to and
parallel with the clavicle in the midclavicular line. The trans-
ducer is angled slightly caudally 1o direct the plane of the ultra-
sound beam cranially, underneath the clavicle. Using an in-plane
technigue, the needle path is lateral to medial, with the target
location between the three cords, just lateral to the axillary
artery (Figs. 10.9 and 10.10, Video 10.1). In principle, this
should show the neurovascular structures in the short axis.
However, the transducer may be rotated relative to the clavicle
to optimize the short-axis view. As with any block closer 1o
the thorax, this black carries the risk of pneumothorax.

Retroclavicular Block

An alternative approach has been proposed in which the
needle entry point is superior to the clavicle, rather than
between the clavide and transducer. This allows easier

visualization of the needle as it approaches the plexus due
to a more perpendicular orientation relative to the ultra-
sound beam. We do not endorse this approach due to the
inability 1o visualize the needle as it passes posterior to the
clavicle and the close proximity of the suprascapular nerve
to the needle path.

Subcoracoid Tunnel Approach

A recently described approach is somewhat similar 1o the
costoclavicular approach but is performed further laterally.
In this approach, the ultrasound transducer is placed in an
ablique longitudinal axis along an imaginary line drawn
from C6 to the axillary artery pulsation in the axilla, The
nerves are visualized in long axis in the subcoracoid tunnel
parallel to the axillary artery, and slight angulation can put
the artery out of the field of view. The needle is then
advanced from a caudal to a cranial direction. In one case
series of 20 patients, 16 patients had successful surgical
blocks. This technique may prove useful but needs further
study.
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Subclavian arery

Cords of brachial plexus

Fig. 10.10 Ulrazound image of the brachial pJ.EJ-cus and needIE
pal.h using the costoclavicular approach. [msas coumesy Ehar
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PEARLS

* If visualization of all three cords is not possible,
tvpically it is sufficient 1o ensure that local anesthelic
spreads in a "U" shape surrounding the axillary
arterv. The contrast provided by the local anesthetic
commonly improves visualization of the cords
during the block.

* A reverberation artifact from the axillary artery may
lead to the incorrect impression of a nerve structure
deep to the artery.

¢ Because of the acute needle-to-transducer angle, it
may be necessary to rely on indirect signs of needle
location such as hydrodissection with normal saline
or tissue movemnent while jiggling the needle,

Textured (“echogenic”) needles may be easier to
visualize with this approach.

& Excessive imnsclnccr Prf.'h'ﬁi.lﬁ..' ['I'I:‘I.:l" f}l:fh“l.l.' Veins
and increase the chance of inadvertent intravenous
injection or hematoma formation,

* Placing the transducer as laterally as possible (but still
medial 1o the coracoid process) increases the distance
to the pleura and provides a larger margin of safety.

o Because of the greater distance between the plexus
structures af this level, a |'.1rg::r volume of local
anesthetic is commonly needed compared with more
proximal brachial plexus blocks. Larger patient-
controlled or programmed boluses (8-12 mL once
per hour in our practice) via an indwelling catheter
are also often needed to provide adequate analgesia.

* The infraclavicular location is particularly appealing
for continuous blocks because the insertion site is
away from the patient’s head and neck, and passing
through the pectoral muscles stabilizes the catheter.

¢ In contrast to the interscalene or supraclavicular
approaches to the brachial plexus, the infraclavicular
approach does not produce phrenic nerve paralysis.
This characteristic makes infraclavicular blocks an
appealing option in patients with compromised
pulmonary function.
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Axillany Brachial
Plexus Block

Wael Ali Sakr Esa and Chelsea Skinner

11Ls
A high-frequency 38-mm broadband linear array
transducer is preferred for the axillary brachial plexus
block.

o Use between 20 and 25 mL total of 0.5% ropivacaine
or bupivacaine to inject around the four nerves of
the axillary brachial plexus block.

e We usually block the nerves around the axillary
artery first—the median, ulnar, and radial nerves—
then the needle is withdrawn to the biceps muscle
and redirected toward the musculocutaneous nerve
{a hypoechoic, flattened oval within the body of the
coracobrachialis muscle).

e To visualize the intercostobrachial nerve after per-
forming the axillary brachial plexus block, slide the
ultrasound probe posteriorly until the intercostobra-
chial nerve appears posterior and superficial to the
axillary vessels.

¢ Use between 3 and 5 mlL of 0.5% ropivacaine or
bupivacaine to inject around the intercostobrachial
nerve.

| oot
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The axillary brachial plexus block is effective for surgical
procedures distal to the elbow. The axillary brachial plexus
block is named for the approach in the axilla and, in fact,
does not targel the axillary nerve, Rather, the block targets
the median, ulnar, radial, and musculocutaneous nerves
and results in anesthesia of the upper extremity from the
midarm down to and including the hand. To review, the
lateral cord of the brachial plexus divides into the muscu-
locutaneous nerve and the lateral portion of the median
nerve. The medial cord divides into the ulnar nerve and
medial portion of the median nerve. The posterior cord
divides into the radial nerve and the axillary nerve, In the
axilla, the median, ulnar, and radial nerves travel with the
axillary artery in a neurovascular bundle medial to the
humerus. The musculocutaneous nerve travels separately
and usually lies in the plane between the biceps and cora-
cobrachialis  muscles or in the body of the
coracobrachialis.

The median nerve provides cutaneous innervation to the
medial forearm, palm, first three digits of the hand, and the
lateral half of the fourth digit, as well as motor innervation

to the thenar eminence, lumbricals of the second and third
digits, and most of the flexor muscles of the anterior
forearm. The ulnar nerve provides cutaneous innervation
to the fifth digit, medial half of the fourth digit, and the
medial palmar aspect of the hand, as well as motor innerva-
tion to the flexor carpi ulnaris, half of the flexor digitorum
profundus, and most of the intrinsic muscles of the hand.
The radial nerve provides cutaneous innervation to the
amerolateral arm, posterior forearm, and posterolateral
hand, as well as motor innervation to the triceps brachii
and extensor muscles of the posterior forearm. The mus-
culocutaneous nerve provides innervation to the radial
aspect of the forearm as well as motor innervation to the
biceps brachii, brachialis, and coracobrachialis muscles of
the anterior arm.

The axillary brachial plexus block is appropriate for hand
and forearm surgery; thus it is often the most appropriate
technique for outpatients in a busy hand surgery practice.
Some anesthesiologists find the axillary brachial plexus
block suitable for procedures on the elbow or lower
humerus, but strong consideration should be given to a
supraclavicular block for those requiring more proximal
procedures. Because this block is carried out distant from
bath the neuraxial structures and the lung, complications
associated with those areas are avoided. Further, the axillary
artery is readily compressible at the level of the axillary
brachial plexus block (unlike the infraclavicular block), so
bleeding complications are rare, even in palients receiving
anticoagulation.

Anatonry. At the level of the distal axilla where the axil-
lary brachial plexus block is undertaken (Fig. 11.1), the
axillary artery can be visualized as the center of a four-
quadrant neurovascular bundle. Itis important to note that
anatomical variations exist, but the most common anatomy
relative to the axillary artery is as follows: the median nerve
is found in the superficial lateral quadrant, the ulnar nerve
is in the superficial medial quadrant, the radial nerve is in
the deep medial quadrant, and the musculocutaneous
nerve is in the deep lateral quadrant in the substance of
the coracobrachialis muscle or in the fascial layer between
the biceps brachii and coracobrachialis muscles (see Fig.
11.2). Multiple injections during the axillary brachial
plexus block result in more acceptable clinical anesthesia
versus injection al a single site. The block does not need
to be performed in the axilla; in fact, needle insertion in
the middle to lower portion of the axillary hair patch or
even more distal is effective. It is clear from the
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Fig. 11.1 Anatomy of the axiflary appreach of brachial plexus block.

radiographic and anatomic study of the brachial plexus
and the axilla that separate and distinct sheaths are associ-
ated with the plexus al this point. Keeping this concept in
mind will help decrease the number of unacceptable blocks
performed. This more distal approach to the axillary bra-
chial plexus block is similar to the midhumeral brachial
plexus block.

Patient Selection. To undergo an axillary brachial plexus
block, a patient must be able to abduct the arm at the
shoulder. As the experience of the operator increases, the
need for abduction decreases, but this block cannot be
carried out with the arm at the side. Because the block is
most appropriate for forearm and hand surgery, it is rare
that a patient with a surgical condition al those sites cannot
abduct the arm as needed.

Pharmacologic Choice. Because hand and wrist proce-
dures often require less motor blockade than procedures
an the shoulder, the concentration of local anesthetic (LA)
needed for the axillary brachial plexus block wsually can be
slightly less than that needed for the supraclavicular or
interscalene block. Appropriate drugs are lidocaine (1%-
29%), mepivacaine (1%-2%), bupivacaine (0.5%), and ropi-
vacaine (0.5%). Lidocaine and mepivacaine produce 2to 3
hours of surgical anesthesia without epinephrine and 3 1o

5 hours with the addition of epinephrine. These drugs can
be useful for less involved procedures or outpatient surgical
procedures. For more extensive surgical procedures requir-
ing hospital admission, a longer-acting agent such as bupi-
vacaine can be used. Plain bupivacaine and ropivacaine
produce surgical anesthesia that lasts from 4 to 6 hours; the
addition of epinephrine may prolong this period to 8 to 12
hours. The LA timeline must be considered when prescrib-
ing a drug for an outpatient axillary brachial plexus block,
because blocks lasting as long as 18 to 24 hours can result
from higher concentrations of bupivacaine with added
epinephrine.

Dexmedetomidine at concentrations of approximately
1 pglkg may be added 1o the LA to shorten the time to
onsel by up to 4 minutes, prolong the duration of analgesia
by up to 6 hours, and improve the overall quality of the
block. The operator must be mindful of potential adverse
effects, such as hypotension and bradycardia, with the use
of dexmedetomidine, although these effects seem less
common with perineural injection versus systemic
administration. Magnesium sulfate may also be added to
the LA to shorten the time o onset by up to | minute,
prolong the duration of analgesia by up to 2.5 hours, and

improve  postoperative  analgesia.  Dexamethasone
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Fig. 11.2 Asillary brachial plexus block: funclignal quadrant anatomy of the distal axilla.

administered perineurally (4-10 mg) and intravenously
(8 mg) has also been studied as a potential adjunct to
prolong the duration of the axillary brachial plexus block
and improve overall postoperative analgesia with promis-
ing results.

With continuous catheter techniques used for postopera-
tive analgesia or chronic pain syndromes, 0.1% bupivacaine
or 0.2% ropivacaine may be used, and even lower concentra-
tions of these drugs may be used.

POTENTIAL PROBLEMS

Problems with the axillary brachial plexus block are infre-
quent because of the distance of this block from neuraxial
structures and the lung, as well as the compressibility of
the axillary artery at this level. One occasional complica-
tion is systemic toxicity, which can be minimized by using
multiple injections rather than a fixed needle; use of a
single immaobile needle to inject large volumes of an LA
increases the potential for systemic toxicity relative to the
use of smaller volumes of LA injected at multiple sites.
Another potential problem with the axillary brachial
plexus block is the development of postoperative neu-
ropathy, but one should not assume that the axillary bra-
chial plexus block is the cause of all neuropathy afier
upper extremity surgery. One must follow a logical and
systematic approach when seeking the cause of neuropa-
thy to understand the true incidence and causes of this
condition after brachial plexus block and upper extremity

surgery.
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SONOANATOMY

The axillary artery and target nerves are superficial (1-3
cm) from the skin surface of the anteromedial aspect of the
proximal arm. The median nerve is located superficial and
lateral to the artery. The ulnar nerve is superficial and
medial to the artery. The radial nerve is posterior and either
lateral or medial to the artery.

On ultrasound, the median, ulnar, and radial nerves can
be seen as round, hyperechoic structures, or they can have
a honeycomb appearance. The musculocutaneous nerve is
usually seen on ultrasound as a hypoechoic, flattened oval
with a bright hyperechoic border.

INDICATIONS

* Surgery on the midarm down to the elbow
{brachiobasilic fistula and elbow fixation).

* Surgery on the hand and wrist.

TECHNIQUE

Ideally, the patient should be placed in the supine position
with the arm abducted 90 degrees and externally rotated so
the dorsum of the hand rests on the bed (see Fig. 11.3),
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Fig. 11.2 Patient position with the arm abducted 90 degrees and externally rotated.

Preferably, the operator should be positioned behind the
patient with the ultrasound machine in front of the patient and
facing the operator (see Fig. 11.4A). Injured extremitics should
be well supported during positioning. The ultrasound probe
is placed transversely on the proximal medial upper aspect of
the arm with the leading edge facing laterally in order to view
the axillary artery and surrounding nerves in the short-axis
view (Fig. 11.4B). This starting point should place the ultra-
sound transducer over both the biceps and triceps muscles.
Then the operator will slide the ultrasound transducer across
the axilla until the thick-walled, pulsatile axillary artery and
the hyperechoic surrounding nerves are visualized. We prefer
to use the in-plane approach with a 4-inch, 22-gauge echo-
genic needle. The needle is inserted in-plane from the cepha-
lad aspect and directed 1o the location of the median, ulnar,
and radial nerves, using careful hydrodissection with a small
amount of LA, Finally, the needle is withdrawn 1o the biceps
muscle and redirected toward the musculocutaneous nerve in
the body of the coracobrachialis muscle (see Fig. 11.5A and B,
Video 11.1). If the individual nerves are difficult 10 identify,
it is reasonable to inject LA around the axillary artery at
multiple sites to achieve circumferential spread.

One may choose to supplement the axillary brachial
plexus block with the intercostobrachial nerve block. The
intercostobrachial nerve provides cutaneous innervation
to the medial aspect of the upper arm and the axilla. It
originates from the second thoracic nerve root (T2) and
thus is not anesthetized in any brachial plexus block. The

nerve enters the axilla, crosses over the anierior aspect of

L

the latissimus dorsi muscle, and terminates in the subcu-
taneous tissue of the medial arm. To identify the intercos-
tobrachial nerve on ultrasound, the transducer is placed
over the posteromedial axilla with the leading edge facing
laterally. The nerve is a small honeycomb-appearing struc-
ture posterior to the axillary arlery and vein, just deep to
the superficial fascia of the axilla. The needle is inserted
in-plane and advanced toward the target nerve while
avoiding the axillary vessels, and LA is injected around
the nerve.

PEARLS

* A reverberation artifact deep to the artery is often
misinterpreted for the radial nerve. When in doubt,
one can use nerve stimulation to confirm the
location of the nerve.

s The axillary nerve is not blocked, because it departs
from the posterior cord high up in the axilla; that is
why the deltoid muscle is not anesthetized by the
axillary brachial plexus block.

s To avoid oxicity, always aspirate before injection
and watch the spread of LA on the ulirasound
monitor to ensure that it is not deposited
intravascularly.

« When scanning, use minimal pressure with the
ultrasound transducer to avoid obliteration of
the veins, which can render the veins invisible
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Fig. 11.4 [A) Operator positioned behind the patient with the ultrasound machine facing the operator. (B) Soncanatomy for the axillary
brachial plexus block, Med. N, Median nerve; Mus. N, musculocutanecus nerve; AN, radial nerve; UN, ulnar nerve.

and easily prone to being punctured with the
needle,

Unintentional multiple punctures of the veins
surrounding the axillary artery can predispose the
patient to LA toxicity.
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The axillary brachial plexus catheter technique is performed
by first targeting the median, ulnar, radial, and musculocu-
laneous merves with a single-shot injection to speed the
Onset of the block. A 4-inch, 22-gauge needle is used to avoid
vascular punctures with a Tuohy needle. From the same

entry point, the 19-gauge catheter is then placed using a
3-inch, 17-gauge Tuchy needle, and the catheter is threaded
around the targeted nerves for the surgical procedure. For
example, if the operation invelves the little finger, then we
thread the catheter around the ulnar nerve. If the operation
involves the whole hand, then we thread the catheter between
the median and ulnar nerves, and the LA usually spreads to
the radial nerve. Then we tunnel the catheter 2 to 3 inches
under the skin away from the axilla to decrease catheter
migration and risk of infection. We use an adhesive dressing
with built-in slow-releasing chlorhexidine to prevent infec-
tion. See Fig. 11.6 for the axillary brachial plexus catheter
tunneling technique used at our institution. We use an infu-
sion of ropivacaine 0.2% at a basal rate of 5 mL per hour with
a 5-mL per hour demand rate, using an automated
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Fig. 11.5 (A} In-plane technique for axillary brachial plexus
block. Note the multiple injections of LA around the

musculoculaneous nerve (MCA), median nerve (MN), radial
nerve (RN, and ulnar nerve (LN, (B) Ultrasound image for
musculocutaneous nerve (Mus, M) injection. Notice the needle in
close proximity o the nere.
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Brachial artery
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Fig. 11.6 Tunneling technique used for the axillary brachial plexus catheter,
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Axillary Brachial Plexus Block

programmed pump to deliver the medication in the hospital
and when the patient is at home. The catheter usually is kept
in place for 5 days after surgery. Then the catheter is removed,
either by the patient or a family member, or by the surgeon
at their office during the patient’s postoperative visit.

If there are multiple vessels around the axillary artery
and between the nerves, an infraclavicular or supraclavicu-
lar block may be a better option for surgery on the hand,
forearm, and elbow,

DI ATIONS FOR AXILLARY
©RACHIAL PLEXUS CATHETER

= Operations on the hand, forearm, and elbow.

= Patients with morbid obesity (difficulty obtaining a
good ulirasound image for an infraclavicular block
and concern about the patient’s lolerance of phrenic
nerve blockade from a supraclavicular block).

& Patients with severe chronic obstructive pulmonary
discase, sleep apnea, asthma, phrenic nerve palsy on
the contralateral side of the planned operation,
those on home oxvgen, and those who refluse o
have an intraclavicular block.

COMPLICATIONS OF AXILLARY
BRACHIAL PLEXUS CATHETER

¢ [nfection.

* Hematoma.

Partial block.

* Catheter migration and dislodgement.

@
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v The goal of dental local anesthesia is to provide
comfort and pain relief for patients.

& 2% Lidocaine HCI, 1:100,000 epinephrine is the anes-
thetic of choice for most dental injections,

= The typical dosing of anesthetic is 2 to 4 mL.

@ An aspirating syringe and basic injection technigue
are utilized for all dental injections.

e Due to bony architecture, maxillary teeth are ame-
nable to profound anesthesia through infiltration,
while blocks are needed for mandibular teeth.

= The inferior alveolar block is a critical dental block
and can be mastered through anatomical study and
repetition,

The most commenly used dental anesthetics are listed in
Table 12.1, based on duration of pulpal action. They are all
amides, consisting of a hydrophilic amino terminal, inter-
mediate chain, and lipophilic arematic terminal. There are
many other varieties of anesthetics, but these four are stan-
dard for most dental applications.
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The equipment needed for dental local anesthesia is the
syringe, needle, and local anesthetic cartridge. The most
common type of syringe is the breech-loading, metallic,
cartridge-type, aspirating syringe. The piston with harpoon
inserts into the rubber of the anesthetic cartridge. When
negalive pressure is exerted by the clinician onto the thumb
ring, blood may enter and become visible in the cartridge.
This occurs if the needle has entered a blood vessel. Positive
pressure then pushes local anesthetic into the patient’s
tissues. The mechanism of aspiration is a vital 100l for clini-
cians and ensures that vasculature has not been affected
during injection. Malamed found in a survey of 209 den-
tists that 63.2% always aspirate prior to injection for an
inferior alveolar block.

Connected to the syringe is the needle. Most dental
needles are stainless steel and disposable. The tip of the
needle is beveled and is described as long, medium, or short.

The gauge of the needle refers to the needle diameter, The
most used needle gauges are 25-, 27-, and 30-gauge, which
can be found in the dental practice with red, yellow, and
blue caps, respectively,

Held within the syringe is the anesthetic cartridge, consist-
ing of a glass wbe, stopper, aluminum cap, and diaphragm.
The harpoon of the syringe is embedded mto the stopper
with finger pressure at the thumb ring of the syringe. The
aluminum cap opposes the stopper and holds the diaphragm.
The diaphragm is a semipermeable membrane into which
the needle forms a tight seal. These three components are the
main armamentarium of dental injections; other instruments
may be recommended based on the type of injection.

Fain control in dentistry is mostly related 1o second and
third divisions of the trigeminal nerve, which controls
sensory innervation for the maxilla, mandible, skin,
mucosa, and surrounding tissue. ¥, exits the cranium
through the foramen rotundum into the upper portion of
the pterygopalatine fossa. V5 travels downward through the
skull with the motor root of the (rigeminal nerve to exit
through the foramen ovale and form one nerve trunk
entering the infratemporal fossa. Teeth receive sensory tri-
geminal innervation through the sensory nerves of the
pulpal tissue, the innermaost layer in the anatomy of a tooth.
The pulp of the tooth is composed of soft connective tissue,
vascular, lymphatic, and nervous elements, which occupy
the central cavity of each tooth,

The osteology of the maxilla and mandible plays an
important  role for appropriate anesthesia. Bone

Table 12.1 Type of Anesthetics

Anesthetic Puration of pulpalinfiltration

4% Prilocaine HCI, no 10-15 minutes
epinephrine

2% Lidocaine HCI,
1:100,000 epinephring
4% Articaine HCI,
1:200,000 epinephrine
0.5% Bupivacaine HCI,
0.5% 1:200,000
epinephring

55-65 minutes
60 minutes

Up to 7 hours
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surrounding maxillary teeth is more porous and of the
cancellous variety. Therefore this area is more receplive to
profound anesthesia through infiltrative anesthetic tech-
niques in comparison with the dense cortical bone found
surrounding mandibular dentition,

No matter the type of regional block administered, the
clinician’s priority is the comfort and pain management of
the patient. There are several steps that will be done with
every injection to provide atraumatic and profound local
anesthesia.

1. Ensure the needle is sterile and sharp.
Disposable stainless stee] needles are standard and
may be painless upon injection when used
properly. However, after three to four injections,
these needles become dull, causing unnecessary
trauma to mucosa.

2. Confirm flow of anesthetic from cartridge to
needle prior to injecting. This can be done by
allowing a few drops of anesthetic to run through
the needle before approaching the patient,

3. Position and communicate with the patient. This
is both for accuracy of injection and to prevent
syncope in the patient, Talk to the patient
throughout the injection process to calm them,
Syncope is the most common emergency in dental
practice. Anxiety during local anesthesia
exacerbates these symptoms. [t is optimal to place
the patient in 2 supine position with raised legs to
prevent this occurrence,

4. Apply topical anesthetic. The most used topical
anesthetic is the ester benzocaine. The tissue
should be dried prior to application. Topical
anesthetic need only be applied at the area of
needle penetration. It will anesthetize ~1 10 2 mm
of mucosa and requires at least 1 minue of
application for effect.

5. Establish hand rest. Stabilize injection by
utilizing a finger rest or elbow rest. Depending on
the type of injection, the patient’s chin, lip, or
chest can be used for stabilization. Do not use a
patient’s arm or shoulder or allempt 1o inject
without syringe support.

&. Stretch the tissue. The injection site must be
stretched taut for accuracy. This can be done using
a gloved finger, mirror, longue depressor, or
similar instrument. Some clinicians opt to couple
this with distractors, such as jiggling the upper lip.
This is not mandatory but can be helpful with
some patients, especially children.

7. Insert the needle. To avoid increased anxiety, the
needle should be passed away from the eyeline of
the patient. After confirming the hand rest and
tissue is prepared, the needle can be inserted with
the bevel of the needle pointed toward bone.

8. Slowly inject anesthesia, Before releasing the
cartridge of solution, deposit several drops and
adjust to ensure the correct anatomy has been

reached. Aspirate to confirm the needle tip is not
in a blood vessel. Do not move the tip of the
needle when aspirating. Once in position, continue
to inject in a slow and controlled manner. This
rate is defined as one [ull cartridge per 2 minutes.
9. Withdraw the needle. Once the injection is finished,
slowly remove the needle 50 as 1o not injure adjacent
structures. Cap the needle immediately using the
scoop technigue or built-in cap holder. Do not have
an assistant aid in capping the needle.

10. Observe and communicate with the patient. The
patient should not be left unattended following
local anesthesia, for most adverse drug
interactions occur 5 to 10 minutes after injection.

11. Record in patient chart. Type and amount of

anesthetic injected must be documented in the
patient’s record.

Supraperiosteal Injection

Commonly referred Lo as a local infiltration or buccal infil-
tration, the supraperiosteal injection is the most frequently
used injection for reaching profound pulpal anesthesia in
the maxillary arch. When done correctly, it will anesthetize
the entire region innervated by the large terminal branches
of the dental plexus. This includes the pulp, root of the
tooth, buccal periosteum, connective tissue, and mucous
membrane. This injection has a high success rate, for it is
technically simple and atraumatic. It is contraindicated for
multiple teeth in one quadrant, for it requires multiple
injections and a high volume of anesthetic. A dental block
should be considered if multiple teeth require anesthesia.
Local infiliration can be accomplished in a similar manner
with mandibular teeth. As will be discussed later, due to the
anatomy of the mandibular arch, blocks are required for pro-
found anesthesia in the area. However, infiltration is often
used supplementary to a block or for less invasive dental
procedures. Research has also found that the use of 4% artic-
aine 1:100,00 epinephrine over traditionally used 2% lido-
caine 1:100,000 in the mandibular molar area provides
profound anesthesia for 70 minutes after buccal infiltration.

Supraperiosteal Procedure (Fig. 12.1)

1. Short needle is recommended (25- or 27-gauge).

2, Clean tissue site with sterile gauze. Apply topical
anesthetic,

3. Orient needle bevel toward bone, with syringe
parallel to the long axis of the tooth.

4, Lift lip, stretch tissue at injection site.

5. Insert needle 2 to 3 mm into the buccal sulcus

adjacent to the desired maxillary tooth—height of
mucobuccal fold. The target area of anesthesia is the

apex of the tooth of treatment.

6. Advance slowly and aspirate. If aspiration is
negative, inject ~% of cartridge per 20 seconds,
when done correctly, this injection is painless to the
patient.

7. Slowly withdraw needle.
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Fig. 12.1 This illustration outlines the branches of the maxillary division of the trigeminal nerve that are targeted through maxillary
anesthesia. As noted in the focused view, the needle in the supraperiosteal or infillration technigque is aimed at the apex of the maxillary

dentition.

Posterior Superior Alveolar Nerve Block

The posterior superior alveolar nerve (PSAN) is a sensory
branch of the maxillary division of the trigeminal nerve.
The PSAN block provides pulpal and solt tissue anesthesia
to the area of the maxillary first through third molars,
excluding the mesiobuccal root in ~25% of patients. This
block has been found to be 85% to 100% successful, but
possible complications include hematoma, transient diplo-
pia, blurred vision, and in rare cases, temporary blindness
and Bell palsy. The PSAN block has the second highest
positive aspiration at ~3%, the first being the inferior alveo-
lar nerve (IAN) block. The use of a short needle {25- to
27-gauge) has been recommended to avoid the complica-
tions. Additionally, aspiration is crucial to ensure a vessel
has not been inadvertently entered.

Posterior Superior Alveolar Nerve Block
Procedure

1. Clean tissue site with sterile gauze. Apply topical
anesthetic.

2. Orient needle bevel loward bone.

3. Retract cheek on side of injection. Insert needle 2 to
3 mm into buccal sulcus (height of mucobuccal
fold) above maxillary second molar.

4. Inject slowly superiorly, medially, and posteriorly at
a 45-degree angle. If bone is felt, angulation toward
the midline is too great. Aspirate. If aspiration is
negative, inject cartridge of anesthetic. This injection
is usually atraumatic,

5. Slowly withdraw needle.
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Anterior Superior Alveolar Nerve/
Infraorbital Nerve Block

This block is not as popular as the PSAN but is very effec-
tive at anesthetizing pulpal and buccal tissues from maxil-
lary central incisors through premolars in ~72% of patients,
Most clinicians opt for multiple supraperiosteal injections,
although a successful anterior superior alveolar nerve
{ ASAN) block would require fewer injections and less anes-
thetic solution if multiple teeth are targeted. The infraor-
bital nerve, like the PSAN, is a sensory branch of the
maxillary division of the trigeminal nerve. This black is
indicated when infection or inflammation is present,
causing infiltration to be potentially less effective.
Complications of the ASAN block include bleeding, hema-
toma, unintentional intravascular injection, and edema.

Anterior Superior Alveolar Nerve Block
Procedure

1. Long needle recommended. Short needle may be
indicated for children.

2. Localize infraorbital foramen and feel for the
infraorbital notch, Once it is located, the palpating
finger should remain in place so that landmarks are
not lost, Clean tissue site with sterile gauze, Apply
topical anesthetic,

3. Retract the lip and cheek with noninjecting thumb
and insert needle at level of mucobuccal fold above
maxillary first premolar.

4. Maintain needle parallel to long axis of tooth.
Advance slowly. Approximate depth of needle
penetration is 16 mm in adulis.

5. Aspirate. If aspiration is negative, slowly inject
anesthetic, ensuring needle has not deviated laterally,

€. Slowly withdraw needle.

Greater Palatine Nerve Block

Though a palatal injection is not indicated for all dental
procedures, palatal anesthesia is valuable for dental pro-
cedures involving palatal soft tissues. The greater pala-
tine nerve is a branch of the maxillary division of the
trigeminal branch, contributing to the plerygopalatine
ganglion. The greater palatine nerve block is indicated
for teeth distal to the :‘naxﬂiar}' canine. Due to the dense
fibrous anatomy of the palatal tissues, this injection
1ends o be uncomiortable for patients, but a minimum
voleme of solution still provides profound anesthesia in
this area,

Greater Palatine Nerve Block Procedure

1. Short gauge needle recommended.

2. Instruct patient to open mouth widely and extend
neck to visualize palate.

3. Localize greater palatine foramen with cotton-tipped
applicator. Applicator will “fall” into depression
distal 1o maxillary second molar bilaterally.

4. Clean tissue site with sterile gauze. Apply topical
anesthetic,

5. Apply pressure to foramen, Note blanching of area.

6. Insert needle into area of foramen. Direct syringe
from opposing side for straight access into foramen.

7. Slowly advance needle until palatine bone is
reached. Aspirate. If aspiration is negative, slowly
inject up to one-third cartridge of anesthetic
solution.

8. Slowly withdraw needle.

Nasopalatine Nerve/Incisive Nerve
Block

Ancther branch of the maxillary division of the trigeminal
nerve, the nasopalatine nerve, provides sensory function o
the anterior palate. Though an invaluable injection, thie
nasopalatine nerve block is a distinctly painful injection,
warranting adherence to technique for atraumatic proce-
dure. It anesthetizes the soft and hard tissues of the anterior
portion of the hard palate mesial of the first premolars
bilaterally.

Nasopalatine Nerve Block Procedure

1. Short gauge needle recommended.

2. Instruct patient 1o open mouth widely and extend
neck to visualize the incisive papilla.

3. Clean tissue site with sterile gauze. Apply topical
anesthetic.

4. Apply pressure to papilla with cotton-tipped
applicator. Insert needle into papilla,

5. Slowly advance needle toward incisive foramen until
bone is contacted. Aspirate. If aspiration is negative,
slowly inject up to one-fourth cartridge of anesthetic
solution.

B. Slowly withdraw needle.
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Inferior Alveolar Nerve Block

Commonly bul inaccurstely referred to as the mandibular
nerve block, the 1AN block is one of the most frequently used
and possibly the most important blocks in dentistry. When
done correcily, this block anesthetizes the terminal branches
of the inferior alveolar nerve, incisive and mental nerves, and
commonly, the lingual nerve. It anesthetizes all mandibular
teeth to the midline of the mandible, body of the mandible,
inferior portion of the ramus, anterior two-thirds of the
tongue, and lingual soft tissues on its respective side.
However, it is considered one of the most frustrating due
o anatomic variations among patients and the need to
identify specific anatomical landmarks to ensure accurate
injection. Clinical failure of the IAN block is one of the
highest of all dental blocks at ~15% 10 20%. Profound anes-
thesia is accomplished in the mandible by blocks above
supraperiosteal injection (infiltration) due to the mineral
density of the bone and anatomical variation, Buccal nerve,
supraperiosteal, and periodontal ligament (PDI.) injections
can be us:cd ill_l:ﬂ]'ljunclinn with an IAN block for soft tissue
anesthesia. I:hflnler{nl administration of the JAN block is
usually avoided in dental treatment due 1o patient
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Trigeminal ganglion

Mandibular division (V3)

Inferior alveolar n.

Fig. 122 As dlustrated, the Gow-Gales technigue involves a landmark closer to the mandibular head. When done correctly, this
approath Wil provide profound anesihesia to all branches of the tngeminal ganghion. The traditional inferior alveolar nerve block is
grected at ne ramus of ine mandible 1o anesthetize only the inferior alveolar nerve.

midline. It additionally touts a 2% positive aspiration com- 5. Slowly advance needle until bone is contacted at
pared with the 10% to 15% for traditional IAN block. neck of condyle. Ideal depth of penetration is

S o Tl PAIGR i :zﬁﬁ?:::::;rn .:.':; mm (variation is possible due to

1. 25- or 27-gauge long needle recommended for adult &. Once bone is contacted, withdraw ~1 mm 1o
patients. prevent subperiosteal injection. Aspirate. If
aspiration is negalive, slowly inject full cartridge
of anesthetic over minimum of 60 seconds.

b. Slowly withdraw needle.

2. Position the patient in a supine or semisupine
position. Instruct the patient 1o open widely Lo
visualize the pterygomandibular raphe.

3. Clean tissue site with sterile gauze. Apply topical

anesthetic.
4. Place syringe barrel near contralateral mandibular Vazirani-Akinosi (Closed-Mouth)
canine or premolars while the patient keeps mauth Mandibular Block
open as wide as possible. The needle tip 5}'mu1d_ be s "
inserted just below the mesial cusp of the maxillary a » Dr. Joseph Akinosi reported this closed-mouth
second maolar. approach to mandibular anesthesia. The Vazirani-Akinosj



block is an anesthetic method targeting the mandibular
branch of the trigeminal nerve, like the Gow-Gates man-
dibular nerve block. Although this technique can be used
whenever mandibular anesthesia is desired, it is espe-
cially useful in case of anatomical variation, including
accessory innervation. This method is commonly used
when there is trismus or difficulty in finding soft tissue
landmarks, such as during abscess or acute infection of a
mandibular molar.

Vazirani-Akinosi (Closed-Mouth)

Mandibular Block Procedure

1. 25- or 27-gauge long needle recommended for adull
patients.

2. Position the patient in a supine or semisupine
position. Instruct the patient to open.

3. Place thumb or index finger on coronoid notch to
reflect the soft tissues on the medial border of the
ramus laterally.

4. Clean tissue site with sterile gauze. Apply topical
anesthetic,

5. Insert needle at the height of the mucogingival
junction of the maxillary posterior teeth, between
the maxillary tuberosity and coronoid process.

6. Slowly advance needle 25 mm into tissue (distance
measured from maxillary tuberosity). Aspirate, If
aspiration is negative, slowly deposit full cartridge of
anesthetic over minimum of 60 seconds.

7. Slowly withdraw needle.

Buccal Nerve Block

A branch of the anterior division of the mandibular branch
of the trigeminal nerve, the buccal nerve, or the long
buccal nerve, is not usually anesthetized during an IAN
block. The buccal nerve provides sensory innervation to
the buccal sofi tissue of the mandibular molars only. This
block is not required for dental treatment in mandibular
molars but is indicated when soft tissue is manipulated
(e.g., rubber dam placement). Because the buccal nerve is
located immediately below mucosa, this block has close to
100% success rale.

Buccal Nerve Block Procedure

1. 25- or 27-gauge long needle recommended.

2. Position the patient in a supine or semisupine
position. Instruct the patient to open.

3. Clean tissue site with sterile gauze. Apply topical
anesthetic.

4. With index finger, retract buccal soft tissues tightly
for an atraumatic needle insertion,

5. Insert needle distal and buceal to the last molar,

with syringe parallel with the occlusal plane of the

side of injection.

Slowly advance needle until mucoperiosteum is

contacted. Depth of penetration is usually ~2 mm,

Aspirate. I aspiration is negative, slowly deposit

~one-eighth of cartridge of anesthetic solution.

7. Slowly withdraw needle.

*

Dental Local Anesthesia

Mental Nerve Block

The mental nerve is the terminal branch of the IAN, pro-
viding sensory innervation to the buccal soft tissue around
the mandibular premolar area. The mental nerve block, like
the buccal nerve block, is often used supplementary to an
IAN block.

Mental Nerve Block Procedure

1. Short needle recommended.

2. Position the patient in a supine or semisupine
position. Instruct the patient to open.

3. Area of insertion is the mental foramen, which is
usually found between the apices of the two
premolars bilaterally. This can be confirmed on a
radiograph prior, if available.

4. Clean tissue site with sterile gauze. Apply topical
anesthetic.

5. With index finger, retract lower lip and buccal soft
tissues. Insert needle into mucous membrane,
directing needle toward mental foramen. Aspirate. If
aspiration is negative, slowly deposit ~one-third of
cartridge of anesthetic solution.

B. Slowly withdraw needle.

Periodontal Ligament Injection

The nerves supplying mandibular teeth and periodontal
tissue are encased in the bone, limiting the effectiveness of
infiltration. The PDL anesthetic technique, also referred to
as the intraligamentary injection, uses high injection pres-
sure to force local anesthetic solution through the PDL into
the cancellous bone surrounding a tooth. This technique
can also be used on maxillary teeth, but it is not as often
utilized due to the efficiency of the supraperiosteal injection
in this arch. The PDL injection is indicated for pulpal anes-
thesia for one to two teeth in a quadrant. This technigue
avoids anesthesia of the lip, tongue, and other soft tissue.

Periodontal Ligament Injection Procedure

1. 27-gauge short needle recommended.

2. Position the patient in a supine or semisupine
position. Instruct the patient to open.

3. Direct syringe long axis of root to be anesthetized
with bevel facing the root of the tooth. Advance
needle apically until resistance is met. Slowly deposit
0.2 mL of anesthetic solution in approximately 20
seconds. Significant resistance will be felt at the
deposition of solution.

4. Slowly withdraw needle,

LOCAL ANESTHESIA TOXICITY

Dental local anesthetics are very safe and commonly used.
However, any drugs can cause adverse reactions in some
patients. Proper dosing of the local anesthetic is crucial, for
local anesthetic overdose may cause dizziness,
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nervousness, lingling of the extremities, visual distur-
bances, drowsiness, metallic taste, and loss of conscious-
ness. The management of an overdose is based on the
severity of the reaction. In most cases, the reaction is mild
and self-limiting and can be managed by administering
oxygen and terminating dental treatment. In severe cases
that include loss of consciousness with or without seizure,
the use of basic life support with anticomwulsant therapy
would be necessary and the injection of intralipid as rec-
ommended by the Society of Regional Anesthesia and Pain
Management.

Understanding the maximum recommended doses
(MRDs) for each of the local anesthetic drugs is critical to
avoid complications. The dosage of anesthetic is also depen-
dent on the patient’s weight and health conditions. For
example, the MRD for lidocaine without epinephrine is 4.4
mg/kg with an absolute maximum of 300 mg.

* For successful demal anesthesia, it is imperative to
become acquainted with the landmarks for injection
and practice great patient care.

Intentional injection technique with negative
aspiration will ensure that the correct anatomy is
receiving anesthesia.

* Blocks, along with supplemental injections, are great
tools for profound anesthesia.

* Bone surrounding maxillary teeth is more porous
and of the cancellous variety and lends better 1o
infiltrative anesthetic technique compared with the
dense cortical bone found surrounding mandibular
dentition.

* Proper dosing of local anesthesia is integral al

preventing adverse reactions or toxicily,
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+ Blocxade of peripheral nerves of the upper extremity
15 een accomplished by brachial plexus approaches.
However, conditions such as infections to brachial
plexus sites, coagulopathy, single nerve distribu-
tion—minor procedures (not requiring a tourniquet),
and rescue supplementations of a brachial plexus
block may require individual nerve blockade.

« Distal nerve blocks provide potential benefits com-
pared with proximal approaches, including avoiding
the injury to important structures such as lungs,
major vessels, and the phrenic nerve. Moreover,
these blocks preserve motor function in the fingers,
especially in hand surgeries where the digits’ move-
ments are tested.

® Distal peripheral nerve blocks are associated with a
slightly higher likelihood of nerve injury, possibly
because of the anatomical location of these sites,
where the nerve is contained within bony and liga-
mentous surroundings.

® As most distal forearm and hand surgery procedures
are performed using a tourniquet, patients may require
deeper sedation to tolerate the high tourniguet infla-
tion pressures, because the cutaneous sensation of
the upper arm is innervated by multiple nerves, includ-
ing musculocutaneous, intercostobrachial, medial, and
posterior cutaneous nerves of the arm,

= A high-frequency linear array transducer is preferred
far these peripheral nerves; also, it is easier to locate
a nerve in the short axis at a determined landmark
and then follow in a cranial to caudal direction.

s Continuous nerve catheters are not recommended,
perhaps because these nerves are confined in a tight
space and carry the risk of compartment syndromes.
Additionally, there is no literature available for its
use in prolonged analgesia. Nevertheless, if pro-
longed analgesia is needed, axillary continuous cath-
eters may be considered.
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The three major peripheral nerves of the upper extremity,
namely median, radial, and ulnar, may be blocked at various
levels, that is, arm, elbow, forearm, and wrist.
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ANATOMY

The median nerve originates from the C5, C6, C7, C8, and
T1 nerve roots. It is composed of both motor and sensory
components derived from the medial and lateral cords of
the brachial plexus,

It is bounded in a neurovascular bundle in the upper
arm, where it accompanies the brachial artery. At the elbow,
the median nerve courses medial to the brachial artery and
lies between the humeral and uinar heads of the pronator
teres muscle. At the midforearm, the median nerve sepa-
rates from the ulnar artery and is sandwiched between the
muscle of the flexor digitorum superficialis (FD5) and flexor
digitorum profundus (FDP) before entering through the
carpal tunnel at the wrist.

Motor branches (anterior interosseous nerve) supply the
deep volar muscles in the forearm and thenar eminence of
the hand, whereas sensory distribution is limited to the
radial aspect of the hand. Notably, the median nerve does
not provide any sensory distribution to the forearm;
however, it innervates all muscles of forearm except the
flexor carpi ulnaris (FCU) and the ulnar aspect of the flexor
carpi radialis.

TECHNIQUE

Landmark Technique. At the level of the elbow—antecubi-
tal crease, the median nerve is located 1 em medial to the
pulsation of the brachial artery, approximately 1 to 2 cm
deep. The needle is inserted at 45 degrees cephalad, and a
resistance click of bicipital aponeurosis may be felt at | 1o
2 em to the skin. At this point, paresthesia may be achieved
and, after confirming. 5 to 10 mL of local anesthetic (LA)
can be injected.

Ultrasound Technique. Distal to the elbow, at the level of
the midforearm, the median nerve is found as a hyperechoic
structure embedded in hypoechoic FDS and FDP (Fig. 13.1).
The nerve should be confirmed by fanning the probe along
its course. Using an in-plane view with a high-frequency
linear probe, the needle tip is advanced toward the base of
the median nerve, and 2to 3 mL of LA is injected. The needle
is then readjusted to the superior border of the nerve, effec-
tively surrounding the nerve completely with LA. The total
volume should be limited to 5 1o 7 mL (Video 13.1).
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lexor digitorum supericialis

Median nerve
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Fig. 13.1 Midforearm nerve blocks: median nenee.

INDICATIONS

The median nerve block provides anesthesia to the volar
aspect of the thumb, index finger, middle finger, and the
radial aspect of the ring finger, in addition 1o the radial half
of the palm. It can be used as the sole anesthetic technique
in several hand surgeries, :il‘.lClIJ.di:]'I!.__" lacerations, incision
and drainage of an abscess or a cvst. and in the repair of
bony dislocations.

ANATOMY

The ulnar nerve originates from the C8 and T1 nerve roots
as the terminal branch of the medial cord of the brachial
plexus. It has mixed motor sénsory components.

At the level of the arm, the ulnar nerve is medial to the
axillary artery and posterior to the brachial artery and
median nerve. [t does not provide any motor or sensory
innervation at this level. However, in the midarm, it
descends along the posteromedial aspect and passes
between the olecranon process and the medial epicondyle
1o enter the forearm, where il lies superficial to the FDP
and medial 10 the ulnar artery. At the forearm, the ulnar
nerve can be located medial 1o the ulnar artery in close
proximity, hence facilitating sonographic determination. At
the level of the wrist, the nerve runs lateral to the FCU and
enters the hand superficial to the flexor retinaculum.

TECHNIQUE

Landmark Technique. At the level of the elbow, the ulnar
nerve can be accessed by midrange flexion and abduction.
Identification of the ulnar groove and medial epicondyle
landmarks are made, lollowed by insertion of the needle
I 1o 2 cm deep and proximal to the medial epicondyle at
45 deprees cephalad to the skin (Fig. 13.2). After appro-
priate paresthesia is achieved, 3 to 5 mL of LA can be
injected. Within the ulnar groove, the nerve is immobile,
..'I!'II.I cang must hl.'.‘ 11lkl'[] 1o Fl..'._\'lrilf.:t |.|"|If.' 107,111 ‘-'U]l.]l'['ll‘." {]':ll'ﬂ'f-
erably less than 5 mlL} injected and pressure
neurapraxia.

Ultrasound Technique. We suggest ulnar nerve block
al the level of midforearm—i(1} c;ls.ib.' discoverable at the
ulnar artery landmark, (2) the nerve starts to separate and
the risk of arterial punciure may be avoided at somewhat
distal location, (3) low risk of compartment syndrome,
and (4) ability to cover the dorsal and volar terminal
branches of ulnar nerves, which divide distal to this loca-
tion. After the nerve is located (Fig. 13.3), the confirma-
tion is made by fanning the probe along a proximal to
distal direction. Using in-plane view with a low-frequency
probe, the needle is inserted along the ulnar side of trans-
ducer and the nerve is surrounded with not more than 3
o 5 mL of LA (Video 13.1).

The ulnar nerve can also be blocked at the elbow,
where it can be easily identified medial 10 the pulsatile
brachial artery, appearing as a hr'ij._;hl. hyperechoic oval
structure,
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Fig. 13.2 Uinar nerve block. (A) Positioning. (B) Palpation of the ulnar groove and needle position,
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Fig. 13.3 Midforearm nerve blocks: ulnar nerve.

INDICATIONS

The ulnar nerve block is suitable for surgical procedures of
the little finger or fifth metacarpal. This involves lacera-
tions; reduction of fractures, including boxer’s fractures;
and analgesia for burns involving the little finger. In addi-
tion to that, it can be used as a rescue block for a failed
brachial plexus block. A diagnostic ulnar nerve block is
also done before the implantation of a peripheral nerve
stimulator in chronic pain patients with ulnar nerve
neuropathy.

ANATOMY

The radial nerve originates from the posterior cord of the
brachial plexus via C5 1o the T1 nerve roots. It is a mixed
motor sensory nerve, It travels from medial to lateral
within the spiral groove of the humerus and descends
further along the medial and lateral heads of the triceps
muscle to lie anterior to the lateral epicondyle in the
elbow, At this level, the nerve divides inlg hl]FJL‘TﬁCi:I] and
deep branches.

TECHNIQUE

Landmark Technique. At the level of the elbow, the ante-
cubital crease, medial epicondyle, lateral epicondyle, biceps,
and brachioradialis tendon are identified. The median
nerve is located within the groove of the brachioradialis

and biceps tendon. An imaginary line can be drawn con-
necting the medial and lateral epicondyles, and the needle
is inserted 2 to 4 em deep o the skin. After appropriate
paresthesia (wrist extension) is achieved, 5 to 10 mL of LA
can be injected.

Ultrasound Technique. We recommend blocking the
nerve at the level of the upper arm, which theoretically
ensures broader coverage. This technique involves placing
a low-frequency probe in an out-of-plane view in a trans-
verse direction, approximately between the upper and
middle one-third of the arm over the triceps muscle as it
crosses the humerus shaft. At this level, the radial nerve
and deep brachial artery are visible. Color Doppler may be
helpful in visualization. Scanning more distally, just above
the elbow, the nerve may be seen sandwiched between the
brachioradialis and brachialis muscle. Further distal to this
point, it divides into superficial and deep branches (Video 13.1).
The radial nerve also may be traced from the cubital fossa
more proximally to the midhumeral level. However, the
nerve is more superficial proximally, and the chance of
vascular injury may be decreased when the injection is done
at the cubital fossa. It can also be blocked at the midforearm
level (Fig. 13.4) but does not get the benefit of blocking
higher up in the midhumeral or at the level of elbow.

INDICATIONS

Radial nerve blocks can be used for surgical anesthesia
along the distribution of the radial nerve in forearm and
hand procedures, including incision and drainage, foreign
body removal, and finger amputation. It also can be used
in certain painful conditions, including radial tunnel syn-
drome and Wartenberg syndrome. It also can be used as
a rescue block for a failed brachial plexus block.
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Fig. 13.4 Midiorearm nerve blocks: radial nerve.

WRIST ELOCK
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Landmark technigue

Position of wrist: supine

k=t G 3
Located between the tendons of the
palmaris langus and the flexor carpi
radialis. The palmaris longus is the
most prominent of these two and
present in 85% of the population.
The median nerve is blacked by
inserting the needle at 45 degrees
to skin, 1-1.5 cm deep when a
fascial click is felt. At this level,
paresthesia (thumb or index finger)
cam be achieved, and 3-5 mL of LA
is injected.

The nerve appears as an oval,

Ultrasound technigue

Prabe position: hypoechoic structure beneath the
transverse at level of flexor retinaculum, confirmed by
wirist scanning proximally 5=10 em. The
needle is inserted in-plane and 3=5
mlL of LA is injected in
circumferential pattern.
DIGITAL BLOCK

The most common use of the digital block in the emer-
gency room is to repair lacerations and drainage of digital
abscesses. It can also be used in certain elective digital
surgeries.

The nerves appear to traverse laterally on a cross section
of a digit. The digital nerves are the distal continuations of
both the median and ulnar nerves (Fig. 13.6). They provide
anesthesia distal to the distal interphalangeal joint.

Many techniques for performing a digital nerve block
have been described. With the hand pronated, the block is
performed with a 27-gauge needle, slowly injecting laterally

" lUinarnenve

Located between flexor carpi
ulnaris and ulnar artery. Blocked by
inserting needle at a depth of 1-1.5
om, insertion site is 5-10 mm away
fram the flexor carpi ulnaris
tendon toward the radial border of
the wrist, close 1o the ulnar styloid,
3-5 ml of LA is injected after
achieving appropriate paresthesia.

The nerve appears as a triangular,
hyperechoic structure medial to
the ulnar artery. & hyperechoic
ulnar bone shadow also is seen
posteriorly. Following negative
aspiration, 3-5 mL of LA is injected
around the nerve,

LA is injected
subcutaneously between
the radial stylaid and the
midpoint of the dorsum of
the wrist.

At this level, a
subcutaneous field block
around the radial styloid
process is used. This
structure is identified as
lateral to the radial
artery.

into base of digit—1 cm distal to web space, along the side
of the periosteum. Angle the needle toward the palmar and
dorsal surface and inject 1.5 to 2 mL of LA; visible small
subcutancous swelling is observed. Repeat on the opposite

side.

Dy "
.

e Caution should be observed when injecting LA into
the olecranon fossa. The ulnar nerve is located ina
confined, “l"nht space al this location. To prevent
intraneural injection, preferably use less than 5 mL
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Fig. 13.5 Wrist nerve blocks: functional anatomy, needle insertion, and arm positioning.

of anesthetic, ensure that injection pressure is not
high, and avoid overflexing the elbow.

* Color Doppler may be helpful in identifying and
distinguishing the brachial artery and the radial

nerve in the proximal third of the upper arm as well
as the forearm,

¢ In morbidly obese patients, it can be difficult to
identify individual nerves. Therefore we recommend
determining the arterial location first and following
its course, finally confirming the location of the
nerve with a peripheral nerve stimulator.

* Inadvertemt vascular injection can be avoided by

applying firm pressure to the vascular structure via a
transducer.

When using an out-of-plane technique, injecting a
small amount of normal saline may be helpful in
determining location of tip of needle.

Al times, the median nerve can be confused with
the muscle tendon; asking the patient to flex fingers
and wrist may be helpful in distinguishing.
Advantages of blocking terminal nerves 5 to 10 em
proximal to wrist—maore room for maneuverability,
wider coverage can be ensured by additional blockage
of the palmar branches of the median and ulnar
nerves, and the risk of neurapraxia may be reduced
by avoiding injection in tight structures at the wrist.
Never use LA with epinephrine for digital nerve
blocks. Digital arteries are end arteries and may
cause ischemia and potentially necrosis.

1N
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Fig. 13.6 Digital nerve bock: analomy and needle insertion,
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Intravenous Regional
Block

David L. Brown and Ehab Farag
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Intravenous  (IV) regional anesthesia is usually
achieved using dilute lidocaine 0.5%; 50 mL of prilo-
caine has also been used successfully.

= The IV regional block is useful for procedures lasting
a0 to 120 minutes. This ime limit is due to tourni-
guet time constraints rather than diminution of the
local anesthetic effect.

Intravenous (IV) regional anesthesia was introduced by
Bier in 1908, As illustrated in Fig. 14,1, in the nitial descrip-
tion, a surgical procedure was required o cannulate a vein,
and both proximal and distal tourniquets were used to
contain the local anesthetic in the venous system. After
its ntroduction, the technique fell into disuse until the
less-toxic amino amides became available in the mid-20th
century. This technique can be used for a variety of upper
extremity operations, including both soft tissue and ortho-
pedic procedures, primarily in the hand and forearm. The
technique has also been used for foot procedures with a calf
tournigquet.

Patient Selection. The technique is best suited for
patients in whom there is no disruption of the venous
system of the invelved upper extremity, because the tech-
nique relies on an inlact venous system. It can be used for
distal orthopedic fractures and solt tissue operations. IV
regional block may not be appropriate for patients in whom
movement of the upper extremity causes significant pain,
because movement of the upper extremity is required to
exsanguinate blood adequately from the venous system.

Pharmacologic Choice. The most commonly used agent
for 1V regional anesthesia is a dilute concentration of lido-
caine; however, prilocaine has also been used successfully.
Lidocaine is used in a 0.5% concentration; approximately
50 mL is used for an upper extremity 1V regional block.

- S—— -
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Anatomy. The only anatomic detail necessary for clinical
use of the [V regional block is the identification of a periph-
eral wvein; one must be cannulated in the involved
extremily.

Pogition. The patient should be resting supine on the
operating table with an IV tube already established in the
nonsurgical arm. The involved arm should be extended on
an arm board near available supplies (Fig. 14.2),

Needle Punctnre. Before placement of the 1V catheter in
the operative extremity, a tourniquet, either double or single,
should be placed around the upper arm of the patient. An
IV cannula is then inserted in the operative extremity as
distally as possible, most commonly in the dorsum of the
hand (Fig. 14.3). There are two methods for exsanguinating
the venous blood from the operative extremity. The tradi-
tional technique requires wrapping an Esmarch bandage
from distal to proximal (Fig. 14.4). When the Esmarch
bandage is not available or the patient is in too much pain
to allow its placement, another method is to raise the arm
for 3 to 4 minutes to allow gravity to exsanguinate the opera-
tive upper extremity (Fig. 14.5). After the blood has been
exsanguinated from the upper extremity, the tourniquet is
inflated. If a double tourniquet is used, only the upper tour-
niguet 15 inflated. Recommendations for tourniquet inflation
pressures range from 50 mm Hg above systolic blood pres-
sure with a wide cuff to a cuff pressure double the systolic
blood pressure to 300 mm Hg, regardless of blood pressure.
Until more inlormation is available, [ caution against using
pressures greater than 300 mm Hg during upper extremity
black.

If an Esmarch bandage has been used, the elastic bandage
is then unwrapped, and in the average adult, 50 mL of 0.5%
lidacaine without a vasoconstrictor is injected. The onsel
of the block usually occurs within 5 minutes; the block is
effective for procedures lasting as long as 90 to 120 minutes.
This time limit is due to tourniquet time constraints rather
than diminution of the local anesthetic effect. The IV
cannula is removed before preparation for operation. The
block persists as long as the cuff is inflated and disappears
shortly after deflation,

I'_"_' — '- W
[POTENTIAL PROBLEMS

The principal disadvantage of IV regional anesthesia is that
physicians unfamiliar with treating local anesthetic toxicity
may use the technique when appropriate resuscitation mea-
sures are not available. Although some workers report success-
ful use of IV regional anesthesia for lower extremity surgery,
especially if a calf tourniquel is used for fool surgery, its use is
not widespread. During upper extremity use, a considerable
number of patients complain about tourniquet pressure even
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when a double tourniquet is used, and this is ofien the clini-
cally limiting feature of this technique. Appropriate use of IV
sedatives is important for patient comfort,

Fig. 14.6 illustrates the two complementary theories of how
IV regional anesthesia produces block. The figure concep-
tualizes local anesthetic entering the venous system and

_——

Fig. 14.5 Intravenous regional block: venous
exsanguination by gravity.

producing block by blocking the peripheral nerves running
with the venous structures. It also outlines a theory that
may be complementary—that is, the local anesthetic leaves
the veins and blocks small distal branches of peripheral
nerves. It is likely that both of these theories are operative.
If 1V regional anesthesia is to be used successfully, all
members of the operating team should understand the
importance of tourniquet integrity because the most sig-
nificant problems with the technique involve unintentional
deflation of the tourniguet.
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Lower Extremity
Block Anatomy.

The lower extremily receives its innervation from two
nerve plesuses. The lumbar plexus supplies nerves that pri-
niarily innervate the ventral aspect of the lower extremity,
aned the lumbosacral plexus supplies nerves that primarily
innervate the dorsal aspect of the lower extremily.

The lumbar plexus forms from the ventral rami of LI, L2,
L3, and part of L4 (Fig. 15.1). This occurs anterior to the
transverse processes of the lumbar vertebrae in the psoas
major muscle. The upper portion of the plexus, L1, and
usually a small portion of T12, splits into superior and
inferior branches, The superior branch splits into the ilio-
hypogastric and ilioinguinal nerves, while the inferior
branch continues, unites with a small branch from L2, and
forms the genitofemoral nerve. Arising from the lower
portion of the plexus, L2, L3, and part of L4 are three major
nerves—the lateral femoral cutaneous nerve, which pro-
vides cutancous innervation to the lateral buttock distal o
the greater trochanter and to the proximal two-thirds of the
lateral thigh; the obturator nerve, which supplies the
adductor muscles, the hip and knee joints, and the skin on
the medial aspect of the thigh above the knee; and the
femoral nerve, which supplies the muscles and skin of the
anterior thigh, knee, and hip joints.

FEMORAL TRIANGLE AND FEMORAL
SHEATH

The femoral triangle is a wedge-shaped depression formed
by muscles in the upper thigh between the anterior abdom-
inal wall and the lower limb (Fig. 15.2).
» The base of the triangle is the inguinal ligament.
* The medial border is the medial margin of the
adductor longus muscle,
» The lateral border is the medial margin of the
sartorius muscle.
e The floor is formed medially by the pectineus and
adductor longus muscles and laterally by the
iliopsoas muscle.
e The apex of the triangle points inferiorly and is
continuous with the adductor canal,
The femoral nerve,artery, vein, and lymphatics pass between
the abdomen and lower limb, under the inguinal ligament,
and into the femoral triangle (Fig. 15.3). From lateral to medial,

Richard L. Drake

the structures in the femoral triangle are the femoral nerve,
femoral artery, femoral vein, and lymphatic vessels.

In the femoral triangle, the femoral artery and vein and
the lymphatic vessels are surrounded by a funnel-shaped
sleeve of fascia—the femoral sheath (Fig. 15.3). Itis continu-
ous superiorly with the transversalis fascia and iliac fascia
of the abdomen and merges inferiorly with the connective
tissue associated with the vessels. The femoral nerve is
lateral and is not contained in the femoral sheath,

RELATIONSHIP—FASCIA ILIACA,
FASCIA LATA, AND THE FEMORAL
NERVE

Fascia ilinca—this fascia is simply the fascial layer covering
the anterior surface of the iliacus muscle, which is a large,
triangular-shaped muscle covering the inner surface of the
ilium (Fig. 15.4). The iliacus muscle is associated with the
posterior abdominal wall and joins the psoas major muscle,
forming the iliopsoas muscle as it descends into the ante-
rior compartment of the thigh under the inguinal ligament.
The nerves deep to the fascia iliaca are the femoral, obtura-
tor, and lateral femoral cutancous nerves,

Fascia lata—the outer layer of deep fascia in the lower
limb forms a stocking like membrane covering the limb
beneath the superficial lascia (Fig. 15.5A and B). This fascia
is thickened in the thigh and is termed the fascia lata. lis
line of attachment superiorly, the inguinal ligament and
pubic bone, defines the upper margin of the lower limb, and
it is continuous inferiorly with the deep fascia of the leg.

HIP JOINT INNERVATION

The hip joint is innervated by nerves arising from both the
lumbar and the lumbosacral plexus (Fig. 15.1). The femoral,
obturator, and accessory oblurator nerves, branches of the
lumbar plexus, supply the anterior capsule. Similarly, the
sciatic and superior gluteal nerves, and nerve to the gua-
dratus femoris, branches of the lumbosacral plexus, supply
the posterior capsule.

ADDUCTOR CANAL

Beginning at the apex of the femoral triangle, the adductor
(or subsartorial) canal continues down the medial side of
the thigh (Fig. 15.6). It is bounded anterolaterally by the
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vastus medialis, posteromedially by the adductor longus,
and distal to this muscle by the adductor magnus, The
anteromedial boundary, or roof, is a strong, dense fascia
extending from the medial surface of the vastus medialis 10
the medial edge of the adductor longus and magnus, cover-
ing the femoral vessels. This fascia, being covered by the
sartorius muscle, is sometimes called the subsartorial fascia.
The canal continues, moving posteriorly, to pass through
an opening in the lower end of the adductor magnus muscle
to enter the popliteal fossa behind the knee (Fig. 15.7).

SUBSARTORIAL PLEXUS

The subsartorial plexus forms at the lower border of the
adductor longus muscle, where the anterior branch of the
obturator nerve sends branches that join with the medial
femoral cutaneous and saphenous branches of the femoral
nerve, forming the subsartorial plexus. This plexus inner-
vates the skin on the medial side of the thigh (Fig. 15.8).

Perloraling culaneous nerve

Postenor culanecus nerve of thigh

Lumbosacral trunk

Supenor gluteal nerve

Inferior gluteal nerve

Inguinal igament

Merves 10 quadratus femaons
and oblurator internus

Sciatic narve
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Muscular branches from the femoral nerve supply articular
branches, while an articular branch from the obturator
nerve is a terminal branch. Similarly, genicular branches
from the tibial and common fibular nerves accompany
genicular arteries into the joint,

LUMBAR PLEXUS BLOCK

This block is appropriate for hip surgeries and surgeries
above the knee. The lumbar plexus block is based on the
idea that local anesthetic injected near the femoral nerve
will follow the fascial plane between the amerior two-thirds
of the psoas major muscle and the posterior one-third of
this muscle, reaching the area of the roots of the lumbar
plexus (Fig. 15.9). Using this approach, the three major
branches of the lumbar plexus (the femoral, obturator, and
lateral femoral cutancous nerves) will be affected.

KNEE JOINT INNERVATION

FEMORAL BLOCK

Similar to the hip joint, the knee joint is also innervated by
branches of the lumbar plexus and the lumbosacral plexus.

This block is a useful block for procedures involving the
superficial and deep anterior thigh, hip joint replacement,
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knee joint surgeries, and [ractures of the neck and shafl of
the femur. It may be used with other lower limb blocks for
operations on the leg and foot. The femoral nerve passes
through the pelvis in a groove anterior 1o the iliacus and

psoas major muscles and deep to the iliacus fascia (Fig,

15.9). The injection should be made into this groove. The
femoral nerve continues in this groove, passing into the

thigh under the inguinal ligament and laeral to the femoral
vessels.

FASCIA ILIACA COMPARTMENT
BLOCK

This block provides a sensory block covering the medial,
anterior, and lateral thigh and can be used instead of the
lumbar plexus block. It targets the femoral, obturator, and
lateral femoral cutaneous nerves, which lie in the iliac
fascia. The suprainguinal approach seems to result in

increased cranial spread of the anesthetic compared with
the traditional infrainguinal procedure,
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INGUINAL REGION BLOCK

The targets of this superficial block are the ilioinguinal and
iliohypogastric nerves, which supply the inguinal region. It
is usually given between the anterior abdominal wall

symphysis
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muscle layers medial and inferior to the anterior superior
iliac spine. This block provides for anesthesia of the groin
and may be combined with other blocks afecting the ilio-
hvpogastric and genitofemoral nerves.

LATERAL FEMORAL CUTANEOUS
NERVE BLOCK

This superficial block is used to relieve pain postopera-
tively following hip surgery and upper lateral thigh skin
grafiing. Combined with other lower limb blocks, it
decreases discomfort during lower limb procedures. The
target of this block is the purely sensory lateral femoral
cutaneous nerve, This nerve exits the pelvis under the
inguinal ligament medial to the anterior superior iliac
spine and supplies the skin on the anierolateral and lateral
thigh (Fig. 15.1).

OBTURATOR BLOCK

Combined with the femoral, lateral femoral cutaneous,
and sciatic blocks, this block is used during surgical pro-
cedures on the lower limb, It can also be used 1o relieve
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hip pain. The oblurator nerve passes over the pelvic brim,
continues along the lateral wall of the pelvis, and exits the
pelvis through the obturator foramen (Fig. 15.9). At this
point, the nerve immediately divides into anterior and
posterior branches (Fig. 15.8). In the thigh, the anterior
branch continues toward the knee between the adductor
longus and the adductor brevis muscles, while the poste-
rior branch continues toward the knee between the
adductor brevis and adductor magnus muscles. The injec-
tion point is just lateral and inferior to the pubic wbercle,
and success of the block depends on the spread of anes-

thetics in the fascial planes superficial and deep to the
adductor brevis muscle,

SAPHENOUS BLOCK

The saphenous block is an additional block used for foot
and ankle surgeries. Two possible approaches are used
when administering this block. In one procedure, the injec-
tion is placed just distal 1o the medial surface of the tibial
condyle, while in the second approach, the needle is
inserted medially at the superior level of the patella, deep
to the sartorius muscle and in the plane between the sarto-
rius and vastus medialis museles (Fig. 15.10).
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ADDUCTOR CANAL BLOCK

This block is thought to be the most effective and straight-
forward when blocking the saphenous nerve is the goal.
Traveling in the adductor canal, the saphenous nerve is
sensory to the medial. anteromedial, and posteromedial
regions of the lower limb from the distal thigh to the medial
malleolus (Fig. 15.10). Leaving the adductor canal, it gives
off an infrapatellar branch before continuing inferiorly
along the medial tibial border with the saphenous vein,
providing sensory innervation to the medial aspect of the
leg, ankle, and fool. The injection point for this block is the
midthigh, halfway between the anterior superior iliac spine
and the patella,

The lumbosacral plexus forms from the ventral rami of
L4, L5, S1, 52, and $3. The major nerve coming from this
plexus is the sciatic nerve (Fig. 15.11). It consists of two
major trunks, the tibial nerve and the common Abular
{peroneal) nerve, which both continue into the leg and
foot. The division of the sciatic nerve usually occurs at the
superior border of the popliteal fossa but can occur within
the pelvis (Fig. 15.12). The tibial nerve innervates all of
the muscles in the posterior compartment of the thigh,
except for the short head of the biceps femoris muscle, the
muscles in the posterior compartment of the leg, and the
sole of the foot, except for the first two dorsal interossei
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muscles, It also innervates the skin on the posterolateral
side of the lower half of the leg: on the lateral side of the
ankle, foot, and little toe; and on the sole of the foot and
the toes. The common fibular nerve innervates the short
head of the biceps femoris muscle in the posterior com-
partment of the thigh, all the muscles in the anterior and
lateral compartments of the leg, the extensor digitorum

revis on the dorsal aspect of the foot, the first two dorsal
?nfems-;ei muscles in llﬂc sole of the foot, and the skin on SCIATIC BLOCK
the lateral aspect of the leg and ankle and over the dorsal
aspect of the foot and toes.

lor medial and lateral plantar nerves) and sometimes a
branch from the superficial fibular all contribute to the
innervation of this complex joint.

Since few surgical procedures of the lower extremily can be
Egr!?ﬂ:lrme: ?Si“ g the sciatic block alone, it is usually com-

ined with femoral, obturator, or lateral femoral cutaneous
ANKLE JOINT INNERVATION blocks. Additionally, combining this block with the lumbar
plexus block provides the anesthesia necessary for all lower
limb procedures. Injection approaches commonly used for
the sciatic block are the subgluteal and midthigh.

Innervation of the ankle joint involves a variety of nerves,
Branches from the deep fibular, saphenous, sural, and tibial




Piriformis muscle

CQuadratus femaris muscle

Branch (o part of adductor
magnus ofiginating
from ischial tuberosity

Adductor magnus muscle

Long head of biceps
femaris muscle

Sciatic nerve

Short head of biceps
femaris muscle

Semitendmosus muscle
Semimembrancsus musche

Long head of biceps
femoris muscle

Tibial nerve
Common ibular nerve

Papliteal artary and vein

Fig. 15.8 The sciatic nerve. {From Drake FL, Vogl AW, Michel
AR, Gray's Anatormy for Students, 4ih ed Philadelphia: Eisever;
2020.)
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POPLITEAL BLOCK

This block, used for distal leg, foot, and ankle surgeries, is
administered in the upper lateral quadrant of the popliteal
fossa (Fig. 15.12). As the sciatic nerve enters the fossa, it
quickly divides into the tibial and common fibular (pero-
neal) nerves. The goal is to block the sciatic nerve before it
divides. A saphenous block can also be included, which
improves patient comfort.

ANKLE BLOCK

The ankle block is primarily used for surgical procedures
on the foot. The nerves blocked in this procedure are the
terminal branches of the tibial division of the sciatic nerve,
the posterior tibial and sural nerves, and the terminal
branches of the common fibular (peroneal) division of the
sciatic nerve, the superficial and deep fibular (peroneal)
nerves (Fig. 15.13). The femoral nerve also supplies its ter-
minal branch, the saphenous nerve. Since these five nerves
supply superficial and deep structures, the usual approach
is 1o block the nerves traveling beneath the deep fascia first,
the posterior tibial and deep fibular (peroneal), then block
the nerves in the superficial fascia, the sural, superhcial
fibular (peroneal), and the saphenous.
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Lumbar Plexus Block

.

Loran Mounir-Soliman and David L. Brown

Key Points

= The lurmbar plexus block is a deep block that makes
it difficult to appreciate the difference in the echo-
genicity of the anatomic structures, especially in
obese and elderly patients.

= The use of nerve stimulation is necessary to identify
the lumbar plexus.

= |dentification of small lumbar arteries is hard to visu-
alize at deeper scan, and the block should be avoided
in patients with coagulation disorders or who are at
risk of bleeding.

= The spread of local anesthetic (LA) at the posterior
surface of the psoas muscle is satisfactory.

PLACEMENT

Anatomy. The concept behind this block is that the only
anatomy one needs to visualize is the extension of sheath
like fascial planes that surround the femoral nerve,

Position. The patient should be placed supine on the oper-
ating table, with the anesthesiologist standing al the patient’s
side in position to palpate the ipsilateral femoral artery.

Needle Puncture. A short-beveled, 22-gauge, 5-cm
needle is inserted immediately lateral to the femoral
artery, caudal to the inguinal ligament in the lower extrem-
ity to be blocked. It is advanced with cephalad angulation
until femoral paresthesia occurs. Alternatively, nerve
stimulation or ultrasonographic guidance is used to iden-
tify the correct perineural location of the needle tip. At
this point, the needle is firmly fixed and, while the distal
femoral sheath is digitally compressed, the entire volume
of LA is injected.

PERSPECTIVE

POTENTIAL PROBLEMS

The inguinal perivascular block is based on the concept
of injecting LA near the femoral nerve in an amount
sufficient to track proximally along fascial planes to
anesthetize the lumbar plexus. The three principal
nerves of the lumbar plexus pass from the pelvis ante-
riorly: the lateral femoral cutaneous, the femoral, and
the obturator nerves. As illustrated in Fig. 16.1, the
theory behind this block presumes that the LA will
track in the fascial plane between the iliacus and the
psoas muscles to reach the region of the lumbar plexus
roots.

Patient Selection. As outlined, lower extremity block is
often most effectively and efficiently performed with neur-
axial blocks. Nevertheless, in some patients, avoidance of
bilateral block or sympathectomy may make an alternative
approach necessary.

Pharmacologic Choice. LAs should be selected by decid-
ing whether a primarily sensory or a sensory and motor
block is needed. Any of the amino amides can be used. It
has been suggested that the volume of LA needed for an
adequate lumbar plexus block from this approach can be
estimated by dividing the patient’s height in inches by three.
That number is the volume of LA in milliliters that theoreti-
cally will provide lumbar plexus block.

Our clinical experience suggests that the principal problem
with this technique is a lack of predictability. In addition,
whenever a large volume of LA is injected through a fixed
“immaobile” needle, the risk of systemic toxicity is increased.
If the technigue is used, incremental injection of LA,
accompanied by frequent aspiration for blood, should be
carried out,

PEARLS

This block should be used when the goal is lower extremity
analgesia, not anesthesia during an operation. We do not
believe one needs to master this technique to provide com-
prehensive regional anesthesia care.

- A MARADA D
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PERSPECTIVE

In theory, the psoas compartment block produces block of
all lumbar and some sacral nerves, thus providing anesthe-
sia of the anterior thigh. Based on the anatomical site and
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Fin, 16.1 Lumbar plexus anatomy: proposed mechanism of proximal LA spread.

the expected end result of this block, it is sometimes
described as a lumbar paravertebral block.

RELEVANT ANATOMY OF THE
LUMBAR PLEXUS

The lumbar plexus is formed by the ventral rami of the first
three lumbar nerves and the greater part of the ventral
ramus of the fourth nerve, The first lumbar nerve, fre-
quently supplemented by the 12th thoracic nerve, spli?s
into an upper branch that divides into the ilichypogastric
and ilioinguinal nerves. The lower branch unites with a
branch from the second lumbar Lo form the genitofemoral
nerve,

From the remains of the second lumbar nerve, the third
and fourth nerves separale into ventral and dorsal divisions.
The anterior divisions unite 1o form the obluralor nerves,
and the dorsal divicions form the lateral femoral cutaneous
nerve and the larger femoral nerve.

The lumbar plexus and its branches are formed within
the psoas major muscle, in front ol the transverse processes
of the lumbar vertebrae. The anterior two-thirds of the psoas
muscle originate from the anterolateral aspect of the verte-
bral body, and the posterior one-third of the muscle origi-
nates from the anterior aspect of the transverse processes,
crealing a fascial plane between both compartments of the
muscle that hosts the lumbar plexus.

Itisimportant to appreciate that the lumbar plexus is located
anterior to the transverse processes of the lumbar vertebrae
and posterior (embedded in the post wall) of the psoas muscle.
The erector spinae muscle covers the lumbar spine posteriorly
medially and the quadratus lumborum musele laterally.

Appreciation of the relationships among the different
muscles and spinal anatomy, as well as the sonographic char-
acteristics of these structures, is crucial to perform the block.

TECHNIQUE

The lumbar plexus block is a deep block that requires a
lower-frequency (2-5 MHz), curvilinear ultrasound probe,
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A 4- to G-inch (10-15 cm) needle is used, depending on
body habitus. Two techniques to perform the block are
described,

Paramedian Longitudinal Scanning
Technique

With the patient in the prone position (this can also be
performed in the lateral position with the side blocked
upward}, the ultrasound probe is placed parallel to the long
axis of the sacrum to identify its flat surface. The probe is
moved cephalad to identify the intervertebral space between
L5 and 51 as an interruption of the sacral line continuiry,
The probe is moved 3 to 4 cm laterally (keeping the same
orientation) to identify the transverse process of L5, The
transverse processes of the other lumbar vertebrae are iden-
tified by cephalad scan in ascending order. The acoustic
shadow of the transverse processes has a characteristic
appearance, often referred to as a trident sign.

The psoas muscle is imaged through the acoustic windows
between the hyperechoic shadows of the transverse pro-
cesses. The lumbar plexus can be identified as hyperechoic
striations in the posterior wall of the psoas muscle. However,
appropriate identification of the plexus is confirmed by
inducing quadriceps contraction or adduction when apply-
ing nerve stimulation to the insulated needle. The needle
can be introduced using both the in-plane and out-of-plane

A Posterior

Lumbar Plexus Block

techniques in the middle of the probe or using the in-plane
technique from the lower edge of the probe (Fig. 16.2A-D,
Video 16.1). °

Transverse Oblique Scanning Technigque

This technique can be also used in the prone or lateral posi-
tion with the side blocked up. The L3 to L4 transverse
processes are identified by the same technique described
earlier (scanning from the sacrum upward). Once identi-
fied, the ultrasound probe is rotated horizontally parallel 1o
the transverse processes. Next, it is directed slightly medi-
ally to scan the midline structures (transverse oblique ori-
entation). The target structures of the ultrasound beam are:
® Quadratus lumborum (lateral) and erector spinae
muscles {medial).
®= Deeper to the muscles, the transverse processes of
L3 to L4 and the anterolateral surface of the
vertebral bodies can be scanned as hyperechoic
structures with underlying drop-down shadows.
& The psoas muscle appears slightly hypoechoic, with
multiple hyperechoic striations deeper to the
Lransverse processes,

e Slowly adjust the probe in the acoustic window
between the transverse processes, allowing for
visualization of the interveriebral foramen, and the

Transverse procass

Psoas major muscle
Ereclor spinae muscle

Lumbar plexus

Fig. 16.2 |A) Anatomy of the paramedian longitudinal technique for lumbar plexus block.
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Fig. 16.2. cont’d (B) Position of the patient and probe orientation for the paramedian longtudinal technigue. Note the in-plane
technigue for the paramedian longitudinal approach. 1) and () Uktrasound images for the paramedian approach for the lumbar plexus
that sherer the WANSYErse processes, psoas muscle, and the neadle position,



articular process facet joint with the roots of the

lumbar plexus as it emerges from the intervertebral

foramen. The roots appear as hyperechoic structures
adjacent to the posterior wall of the psoas muscle.

The lumbar plexus is approached with the needle in the
plane with the ultrasound beam from the lateral side of the
probe (the approach from the medial side is also described),
targeting the posterior border of the psoas muscle at the
level of the intervertebral foramen. Using nerve stimulation
is very helplul to confirm the proximity of the needle to
the lumbar plexus and to avoid intramuscular injection
where local psoas contraction is induced. Care should be
taken to avoid advancing the needle too medially to reduce
the risk of injury of the lumbar artery or its branches
and to avoid spread of LA into the neuraxial space (Fig.
16.3A-D, Video 16.1).

INDICATIONS

= The lumbar plexus block is the most proximal
approach to the lumbar plexus, providing the most
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Lumbar Plexus Block

reliable block of its major branches (femoral,
obturator, and lateral femoral cutaneous nerves).

= The block is ideal for hip surgeries and surgeries

above the knee.

= When combined with sciatic nerve block, it provides

complete unilateral lower limb anesthesia, suitable
for lower extremily surgeries.

¢ Continuous catheterization can be used for

prolonged analgesia (Fig. 16.4).

PEARLS

Cuadratus
lumborum muscle

o The lumbar plexus block is a technically advanced

procedure with major potential for complications.
Experience with ulirasound anatomy, scanning skills,
and needle manipulations is necessary before
attempting an ultrasound-guided lumbar plexus block.

¢ The lumbar plexus is embedded within the body of

the psoas muscle; hence the name psoas block is
synonymous with lumbar plexus block.

Obturator nerve
L4

Lateral

cutaneous nenve Psoas major muscle

Femdaral nerve

1
Transverse
process

Erector spinae muscle

Fig. 16.3 (A) Anatomy of the transversa ablique lechnique for lumbar plexus block.
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Lumbar Plexus Block -

Lumbar plexus
block

Fig. 16.4 Anatomical distnbution of lumbar plexus block.

e The block can be performed in the prone and lateral » Care should be taken to do frequent repeated
positions. The advantage of the prone position is that aspiration and to inject the LA in small increments
it provides a more stable resting hand position and to detect epidural or spinal spread early.
allows more precise scanning and manipulations. * The lumbar paravertebral space is a vascular and to

= At the level of L2 to L3, the kidney can be visualized muscular space, which leads to significant systemic
as a hypoechoic structure that moves with absorption of the LA and potentially high plasma

respiration. levels,



Sciatic Block

Ehab Farag and David L. Brown

KE.I.

@ Subgluteal and midthigh approaches are the most
commonly used technigues for sciatic nerve block
using ultrasound.

* Short axis with in-plane approach with lateral to
medial neadle direction is the preferred ultrasound
technigue for both subgluteal and midthigh sciatic
blocks.

e Using a nerve stimulator is very helpful to confirm
the identification of the sciatic nerve in the subglu-
teal approach, especially in obese patients.

The sciatic nerve is one of the largest nerve trunks in the
body, yet few surgical procedures can be performed with
sciatic block alone. It is combined most often with femoral,
lateral femoral cutaneous, or an obturator nerve block, The
block is also effective for analgesia of the lower leg and may
provide pain relief from ankle fractures or tibial fraciures
before operative intervention.

Patient Selection. This block may be indicated for
patients needing analgesia before transport for definitive
orthopedic surgical repair of lower leg or ankle fractures,
For patients in whom it may be desirable 1o avoid the
sympathectomy accompanying neuraxial block, sciatic
block combined with femoral nerve block often allows
ankle and foot procedures to be carried out. One group of
patients in whom this block is often useful is those under-
going distal amputations of the lower extremity who have
vascular compromise based on diabetes or peripheral vas-
cular disease.

Pharmacologic Choice. Sciatic nerve block requires
from 20 to 25 mL of local anesthetic solution. When this
volume is added to that required for other lower extremity
peripheral blocks, the total may reach the upper end of
an acceptable local anesthetic dose range. Conversely,
uptake of local anesthetic from these lower extremity sites
is not as rapid as with epidural or intercostal block: thus
a larger mass of local anesthetic may be appropriate in
this region. If motor blockade is desired with this block,
1.5% mepivacaine or lidocaine may be necessary, whereas
(.5% bupivacaine or 0.5% to 0.75% ropivacaine will be
effective.

PLACEMENT

Anatonry. The sciatic nerve is formed from the L4 through
53 roots. These roots of the sacral plexus form on the ante-
rior surface of the lateral sacrum and are assembled into
the sciatic nerve on the anlerior surface of the piriformis
muscle. The sciatic nerve results from the fusion of two
major nerve trunks, The "medial” sciatic nerve is function-
ally the tibial nerve, which forms from the ventral branches
of the ventral rami of 14 to L5 and 1 to 53; the posterior
branches of the ventral rami of these same nerves form the
“lateral” sciatic nerve, which is functionally the peroneal
nerve. As the sciatic nerve exits the pelvis, it is anterior to
the pirilormis muscle and is joined by another nerve—the
posterior cutaneous nerve of the thigh, At the inferior
border of the piriformis, the sciatic and posterior cutane-
ous nerves of the thigh lie posterior to the obturator inter-
nus, the gemelll, and the quadratus femoris. At this point,
these nerves are anterior to the gluteus maximus, Here, the
nerve is approximately equidistant from the ischial tuber-
osity and the greater trochanter (Figs. 17.1-17.3). The
nerve continues downward through the thigh to lie along
the posteromedial aspect of the femur. At the cephalad
portion of the popliteal fossa, the sciatic nerve usually
divides to form the tibial and common peroneal nerves.
Occasionally, this division occurs much higher, and some-
times the tibial and peroneal nerves are separate through
their entire course. In the popliteal fossa, the tibial nerve
continues downward into the lower leg, whereas the
common peroneal nerve travels laterally along the medial
aspect of the short head of the biceps femoris muscle.

CLASSIC APPROACH

Position. The patient is positioned lalerally, with the side
to be blocked nondependent. The nondependent leg is
flexed and its heel placed against the knee of the dependent
leg (Fig. 17.4). The anesthesiologist is positioned to allow
insertion of the needle, as shown in Fig, 17.4,

Needle Puncture. A line is drawn from the posterior
superior iliac spine to the midpoint of the greater trochan-
ter. Perpendicular to the midpoint of this line, another
line is extended caudomedially for 5 cm. The needle is
inserted through this point (Fig. 17.5). As a cross-check
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Fig. 17.1 Scialic nerve anatomy: antefior obliqua view,

for proper placement, an additional line may be drawn
from the sacral hiatus to the previously marked point on
the greater trochanter. The intersection of this line with
the 5-¢cm perpendicular line should coincide with the
needle insertion site.

At this site, a 22-gauge, 10- 1o 13-cm needle isinserted,
as illustrated in Fig. 17.4. The needle should be directed
through the entry site toward an imaginary point where
the femoral vessels course under the inguinal ligament.
The needle is inserted until paresthesia is elicited or until
bone is contacted. If bone is encountered before pares-
thesia is elicited, the needle is redirected along the line
joining the sacral hiatus and the greater trochanter until
paresthesia or a motor response is elicited. During this
redirection, the needle should not be inserted more than

Z cm past the depth at which bone was originally con-
tacted, or the needle tip will be placed anterior 1o the
site of the sciatic nerve. Once paresthesia or a motor

response is elicited, 20 to 25 mL of local anesthetic is
injected,

ANTERIOR APPROACH

Position. The anterior block of the sciatic nerve can be
carried out in the supine patient whose leg is in the neutral
position. The anesthesiologist should be at the patient’s
side, similar 1o positioning during femoral nerve block.
Needle Puncture. In the supine patient, a line should be
drawn from the anterior superior iliac spine to the pubic
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Fig. 17.2 Sciatic nerve anatomy: poSIenor view.,

tubercle. Another line should be drawn parallel to this line
from the midpoint of the greater trochanter inferomedially,
as illustrated in Fig. 17.6. The hrst line is trisected and a
perpendicular line is drawn caudolaterally from the junc-
ture of the medial and middle thirds, as shown in Fig. 17.6.
At the point where the perpendicular line crosses the more
caudal line, a 22-gauge, 13-cm needle is inserted so that it
contacts the femur at its medial border. Once the needle
has contacted the femur, it is redirected slightly medially to
slide off the medial surface of the femur. At approximately
5 c¢m past the depth required to contact the femur, pares-
thesia or a motor response should be sought to ensure
successful block (Fig. 17.7). Once paresthesia or a motor
response is obtained, 20 to 25 mL of local anesthetic is
injected.

In patients in whom the block is being used for an injury
to the lower extremity, the classic position is sometimes

difficult to use. This block can also be of long duration, and
patients should be warned of this before surgery. Although
it is unsubstantiated, some consider that dysesthesia may
be more common after this block than afier other periph-
eral blocks. The same problems pertaining to the classic
approach should be considered with the anterior approach.
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CLASSIC APPROACH

M

The keys to making this block work are adequate position-
ing of the patient and a systematic redirection of the needle
until paresthesia is obtained.

ANTERIOR APPROACH

Although the anterior approach is conceptually simple, we
are able to produce anesthesia using it slightly less often

Sciatic Block _
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Fig. 17.8 Anatomy of the subgluteal sciatic nerve block.

a hyperechoic structure between the greater trochanter
and ischial tuberosity. The in-plane approach will be used
with the needle direction from medial to lateral in the
prone position; however, in the lateral position, the needle
direction preferably should be from posterior to anterior
(Video 17.1, Video 17.2, Video 17.3 and Video 17.4).
The use of nerve stimulation, in addition to the ultra-
sound, is preferred in this technique to confirm the nerve

identification, especially in obese patients. The medium-
frequency linear 50-mm footprint is used for the midthigh
approach block for the sciatic nerve block. The continuous
block can be performed using a catheter threaded through
a Tuchy needle. The catheter tip position can be identified
by injecting local anesthetic and observing its distribution
using ultrasound or by injecting | mL ofair, which appears
as a hyperechogenic artifact (Figs. 17.9-17.11).
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Fig. 17.9 Patient in lateral position. Mote the in-plane approach with posterior to anterior needle direction.

Medial Lateral
Fig. 17.10 In-plane technique for subgluteal sciatic nerve block in prone position. Note the medial to lateral needle direction.
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Fig, 17.11 Ultrasound still of sciatic nerve block.,

CLINICAL PEARLS

total knee arthroplasty without affecting the motor
power and/or neurological examination of the lower

s Continuous sciatic block is very helpful for
managing phantom limb pain after either below-
knee or above-knee amputations.

* Single-shot sciatic block using 0.1% ropivacaine is
very helpful to manage posterior knee pain after

limb after wotal knee arthroplasty.

o Combined femoral and sciatic blocks are quite
sufficient for lower limb procedures, especially in
high-risk patients in whom general and/or neuraxial
anesthesia can disturb their hemodynamic stability,
such as very tight aortic stenosis or heart [ailure.



Femoral Block

Ehab Farag and David L. Brown
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* High-resolution linear ultrasound (30- to 40-mm
footprint) is preferred for the femoral nerve block.
in some patients, the femoral nerve at the inguinal
crease is already branched into superficial and deep
divisions, along with femoral artery division into
femoral deep profunda femoris branches. Therefore
it is betier to scan proximally to place the probe at
the commaon femoral artery in order to ensure block-
ing the main trunk of the femoral nerve.

© For catheter insertion, the Tuchy needle is used. The
proper position of the tip of the needle beneath the
fascia iliaca can be identified by injecting 2 to 3 mL
of saline, which appears laterally to the artery and in
the vicinity of the nerve. Then the catheter will be
inserted 3 to 4 cm beyond the tip of the needle. For
further confirmation of the location of the catheter
tip, a small volume of air, which appears as a hyper-
echoic artifact, can be injected through the
catheter.

SONOANATOMY

The femoral nerve is the largest branch of the lumbar
plexus and usually consists of the roots of segments L2
to L4. It runs distally to the inguinal region, typically
positioned in the groove formed by the iliac and lateral
psoas muscles posteriorly and covered by the iliac fascia
anteriorly. At this level, the iliac fascia, along with the
internal aspect of the iliopsoas, thickens to form the
iliopectineal band that separates the femoral vein and
femoral artery from the nerve. The femoral nerve is
often visualized distal to the inguinal ligament within a
triangular hyperechoic region lateral to the femoral
artery and superficial to the iliopsoas muscle. The nerve
may be thin and fat in this region as it may divide into
terminal branches. However, it can be visualized as a
biconvex or oval hyperechoic structure. Therefore from
superficial to deep. the fascia lata is first encountered,
then the fascia iliaca, as a hyperechoic line (Figs.
18.1-18.3).

INDICATIONS

* Analgesia for fractured neck/shaft of femur.

= Analgesia after hip joint replacement,

= Analgesia after knee joint surgeries, such as total
knee arthroplasty or anterior cruciate ligament
repair,

=t can be combined with popliteal block to provide
anesthesia for lower leg or fool surgeries.

TECHNIQUE

While the patient is in a supine position, the ultrasound
probe will be parallel to the inguinal crease to obtain the
short axis of the nerve within the triangular hyperechoic
region. The in-plane lechnique is most commonly used for
this block. In this technigue, the needle will be inserted
in-plane and advanced {rom lateral 1o medial in the trans-
verse plane of the image. Afier piercing the fascia iliaca,
inject 2 to 3 mL of saline to ensure the needle tip is beneath
the fascia and the saline is spreading lateral to the femoral
artery and in the vicinity of the nerve before injecting the
local anesthetics (Figs. 18.4-18.9, Video 18.1).

e

The femoral nerve can be confused in the short-axis
view with inguinal lymph nodes, which also appear
hyperechoe,
= If you are not able to identify the femoral nerve,
injection in the hyperechoic triangle lateral to the
femoral artery will suffice 1o produce a successful block.
= After inserting the catheter through the Tuchy
needle, keep the needle in situ and inject through
the catheter 2 to 3 mL of saline or local anesthetic
solution to identify the position of the catheter tip.
This technique will help modify the catheter
position by readjusting the needle and ensuring the
catheter position is in the vicinity of the nerve.
s The concentration of local anesthetic used in this
block usually depends on the aim. For analgesic
purposes, ropivacaine 0.1% to 0.2% is quite
sufficient; however, ropivacaine 0.5% is ideal for
anesthetic purposes.
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Femoral Block
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Fig. 18.4 Position of the patient and the ullrasound maching.




Femoral Block

Fig. 18.5 Note the needle in-plane and the neadle |
direction from lateral to medial, {
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Fig. 18.7 The needle and the local anesthetics are beneath the fascia iliaca.



Femoral Block

Fig. 18.8 Ultrasound still of the femoral Block procedure, |

Fig. 18.2 Utrasound still of the anatomy of femoral block.
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Pericapsular Nerve

- Group (PENG) Block

Emily Barney Hall and Jeff Gadsden

Key Points

* The PENG block is a motor-sparing approach for
analgesia of the hip joint.
A curved transducer is recommended as it provides
a wider [and deeper) field of view.
The PEMG block is relatively simple to both image
and perform because the endpoint for needle
advancement is bony contact,

The PEMG block is a regional anesthesia technique
designed to anesthetize a number of small articular nerve
branches that supply the anterior and medial joint capsule
as well as much of the articular surfaces of the femur and
acetabulum. The principal advantage of the PENG block
over other techniques that are used for hip joint analgesia
(i.e., fascia iliaca or femoral nerve block) is sparing of the
motor fibers of the lumbar plexus, which allows patients
to ambulate and bear weight safely on the affected lower
extremity. It was originally described in 2018 as an anal-
gesic technique for hip fracture but has since been used
for a variety of other hip-related indications, including
elective procedures such as total hip arthroplasty, hip
arthroscopy, and pediatric correction of congenital hip
dysplasia. The PENG block has also been used as a pallia-
tive ablative technique for patients with hip fracture who
are nonoperative, as well as for pain relief during sickle
cell vaso-occlusive crises. Because the technique involves
advancing a needle until bony contact is made on the
pelvic brim, it is a reasonably simple one 1o teach and
learn. This, along with its demonstrated analgesic efficacy
and sparing of motor nerves, explains its rapid growth in
popularity.

ATOWVEY AND SONOANAT

The hip capsule is richly innervated by nerve branches
that originate from both the lumbar and sacral plexuses.
The anterior portion is largely supplied by the femoral
nerve and muscular branches that originate from the
femoral (e.g., nerve to pectineus, nerve to rectus femoris).
These articular branches leave the proximal femoral nerve
in the pelvis and course over the brim of the pelvis deep
to the iliopsoas muscle before continuing on to supply the

anterior capsule (Fig. 19.1}. The obturator nerve is respon-
sible for innervation of most of the medial joint capsule.
Finally, in 10% to 30% of individuals, an accessory obtura-
tor nerve crosses superficial to the superior pubic ramus
to innervate part of the anterior and anteromedial capsule.
These small articular branches descend as far as the inter-
trochanteric line and therefore the PENG block is not
suitable for fractures and/or surgery on the femur distal
to that line; a femoral or fascia iliaca block should be
considered. The posterior aspect of the joint capsule is
supplied by small branches from the sacral plexus and
anatomically and functionally is less relevant for hip anal-
gesia than the anterior and anteromedial capsule. All of
these articular branches innervate the outer fibrous
capsule before penetrating into the joint space and inner-
vating the synovium and periosteal siructures.

The principle of the PENG block is to deposit local anes-
thetic on the pubic ramus, immediately deep to the lliopsoas
muscle. Injectate placed at that location will spread along
the bony brim of the pelvis as well as distally over the hip
joint capsule itself to anesthetize the small articular branches
of the femoral, obturator, and acecessory obluratlor nerves.
Importantly, because the plane of injection is deep to the
bulk of the iliopsoas muscle, the femoral nerve proper,
which travels superficial to the muscle, is spared, preserving
quadriceps motor function. Similarly, the PENG technique
does not block any cutaneous branches, and supplemental
blocks of relevant cutaneous nerves {e.g., lateral femoral
cutaneous nerve) are often performed in concert in order
to provide analgesia for incisional pain,

Fig. 19.1 Innervation of the anterior and medial hip joint capsule
relevant to the pericapsular nerve group (PENG) block showing
the location of the femoral nerve articular branches (yeliow),
obiurator nerve (green), and accessory obturator nerve (blue).
The star indicates the target for needle advancement on the
pubic ramus.
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Fig. 194 Sonooram showing local anesthetic deposition
fasterizhs) immediately supericial to the pubic ramus, elevating
the kopsoas muscleé and psoas tendon (PT). Note the extent of
medial and lateral spread with a single injection and the
absence of iniramuscular injectale farow). The needle (arrow)
can be visuaized contacting thie pubic ramus, AILS, Antenor
inferior iliac spine; FA, femoral arery; FN, femocal nerve; IPE,
mopuiyc eminenece

visualize intramuscular spread as evidenced by injectate
traveling superficially within the muscle fibers; the needle
is advanced andfor twisted by the operator to pop through
the final epimysial layer. Once confirmed in the correct
plane, 20 mL of local anesthetic solution is deposited slowly
with the aim of visualizing the elevation of the iliopsoas off
the bony brim. The injectate should be abserved spre;uling
medially toward the IPE and laterally toward the AlIS. The
needle is then withdrawn (Video 19.1).

A variety of local anesthetic solutions and concentrations
have been used, but in general, the target nerves are small
articular branches and therefore do not require the use of
highly concentrated solutions. In our experience, a concen-
trated solution does not add significantly to the eflicacy or
duration of the block and only increases the likelihood that
the patient will experience inadvertent quadriceps weak-
ness (see Potential Problems later). Because the PENG block
is typically being performed to relieve moderate-severe
bony pain, along-acting solution is indicated. We frequently
use ropivacaine 0.2% with 2.5 pg/mL of epinephrine, with
or without an adjuvant such as dexamethasone. An alterna-
tive is a mixture of liposomal bupivacaine and 0.25% bupi-
vacaine (10 mL of each to make 20 ml total) in order lo
extend the block out to 48 hours and beyond.

Continuous PENG catheters have also been used. Case
studies have demonstrated excellent postoperative pain
control without muscle weakness in patients undergoing
total hip arthroplasty. Many of these catheters were per-
formed in geriatric patients at high risk for delirium who
would greatly benefit from reduced opioid or opioid-free
pain management. Preoperative cathelers have also been
reported, improving pain scores as early as 20 minutes after
PENG catheter placement and lasting up to 48 hours. The
benefits of continuous catheter infusion are prolonged
blockade and the ability to titrate/bolus local anesthetic as
indicated by patient symptoms. One consideration with a
catheter technique is the presence of a dressing and the
catheter itself in the inguinal crease, which may interfere
with surgical skin preparation and/or incision. We have
placed PENG catheters in the emergency department as
part of our clinical pathway for hip fracture analgesia, When
the patient presents to the aperating room for surgical fixa-
tion over the next 12 to 36 hours, the catheters are typically

Pericapsular Nerve Group (PENG) Block

bolused with an additional 10 1o 15 mL and then discon-
tinued. An appropriate infusion regimen for PENG cath-
eters involves ropivacaine 0.2% at 8 mL/h. The use of an
intermittent bolus technique (i.e.. 20 mL every 3 hours) has
been advocated for in fascial plane blocks. rather than a
continuous background rate, and while this is attractive
intuitivel, there are scant data to date suggesting any advan.
tage to this for PENG blocks.

Block success can be somewhat challenging to determine
objectively since there are no culaneous NCrves Or Myo-
tomes to test, Patients who have received a PENG block lor
hip fracture analgesia or as a rescue technigque postopera-
tively do typically report a reduction in pain intensity over
the 10 to 20 minutes following administration of the local
anesthetic. PENG blocks should be considered an analgesic
technique and are not used for surgical anesthesia.

POTENTIAL PROBLEMS

1. Higlh snjection pn.':isun.'.-'hmbi.fr';y to inpect.

High injection pressures are frequently encountered
during PENG block and may represent a needle tip
firmly apposed to (or within) the periosteum of the
pubic ramus or the psoas tendon. A slight
withdrawal (<1 mm) of the needle usually corrects
this and results in immediate visualization of
injectate spreading deep 1o the iliopsoas muscle,
Care should be taken to not withdraw too much so
that the needle tip is intramuscular. This is the crux
of the needle technique with the PENG block—to
be eflective, the tip must be advanced with
sutficient force to pass through the iliopsoas muscle
but not be lodged within the periosteum. Even
when the needle is in the correct plane, the poor
compliance of the tight muscular compartment can
make injection feel very firm, and careful
observation of the pattern of spread is critical o
ensure successiul deposition.

2. Block failure due to intramuscudar administration of
focal anesthetic.

PENG block is a fascial plane block that relies on the
spread of local anesthetic within the submuscular
plane of the iliopsoas. An intramuscular injection may
anesthetize one or more branches associated with that
muscle but in general (and in our experience), it will
not produce the desired block effect.

3. Quadriceps weakness.

Weakness of the quadriceps muscle group has been
reported and represents inadvertent spread of local
anesthetic to the femoral nerve proper. In our
experience, this occurs in one of two circumstances,
First, an intramuscular injection can easily lead to
local anesthetic migrating superficially toward the
femoral nerve and should be avoided. Second, a
large dose of local anesthetic—even if placed in the
correct plane—may overcome the barrier effect of
the iliopsoas muscle and produce a femoral nerve
block, especially if the patient is elderly, frail, and/
or sarcopenic. As mentioned earlier, the target
nerves are small and easily blocked with low
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concentrations of local anesthetic (e.g., ropivacaine
0.2% or bupivacaine 0.25%); concentrated solutions
of 0.5% ropivacaine or bupivacaine are simply
unnecessary and may just provoke a femoral nerve
bleck. In both clinical and cadaveric studies, 20 mL
of injectate appears to be more than enough to
spread to the anterior and anteromedial joint
capsule and effect a block of the target nerves.
Increasing the volume past 20 mL may increase the
risk of femoral blockade.

The injection plane can feel quile tight; withdrawing
the needle slightly can improve spread by reducing
pressure against the periosteum.

Occasional reports of quadriceps weakness following
a PENG block seem Lo correspond to intramuscular
injection; beware of inadvertent femoral nerve
involvement with intramuscular injection!

Small amounts (15-20 mL) of dilute local anesthesia
are énocugh 1o produce an effective block with these
small nerves,

Consider adding a lateral femoral cutaneous nerve
block for lateral thigh skin coverage.
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Ultrasound for Fascia

lliaca and Inguinal
Region Blocks
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“ & high-frequency linear transducer is preferred for
this block.

= The fascia iliaca compartmental block (FICB) can be
used as an alternative anterior approach to the
lumbar plexus block, targeting the femoral, obtura-
tor, and lateral femoral cutaneous nerves,

¢ The suprainguinal approach to the FICB is associated
with better cranial spread of local anesthetic (LA)
and more complete sensory blockade of the anterior,
medial, and lateral thigh compared with the tradi-
tional infrainguinal approach.

® The traditional infrainguinal approach required great
volumes of LA to achieve adequate cephalad spread.
The suprainguinal approach requires less volume to
achieve adequate sensory blockade.

The FICB can be used to provide complete sensory block-
ade of the medial, anterior, and lateral thigh. This block has
been used effectively for postoperative analgesia following
hip and knee surgery. It can be used as an alternative to a
traditional lumbar plexus block by targeting the femoral
nerve, obturator, and lateral femoral cutaneous nerves,
which lie deep to the fascia iliaca. It can also provide ade-
quate analgesia for hip and proximal femur fractures as well
as for total hip arthroplasty. As with any fascial plane block
within the fascia iliacus plane, blockade of the femoral,
obturator, and lateral femoral cutaneous nerves is achiev-
able with a large enough volume of LA. Traditionally, the
fascia iliaca block was performed using a “double-pop”
technique as the needle traversed the fascia lata and fascia
iliaca. This was associated with a significant block failure
rate, as high as 10% to 37%. However, with advancements
in ultrasound and the use of direct needle visualization
under continuous ultrasound guidance, the success rate
and consequently the popularity of this block is beginning
to regain favor,

I ANATOMY : _:‘.-_'z'.;'ii :
L e e e N ——-.::.‘Liu_ Lo SIS H
The iliacus muscle lies over the ilium. It is a large, flat,
triangular-shaped muscle that joins with the psoas major

muscle to form the anisotropic hypoechoic iliopsoas

muscle. The iliopsoas is covered by the hyperechoic broad
ligament and fascia iliaca. The iliopsoas muscle then travels
beneath the inguinal ligament, exits the pelvis, winds
around the proximal neck of the femur, and inserts into the
lesser trochanter of the hip, functioning as a powerful hip
flexor.

The fascia iliaca is located anterior to the iliacus muscle,
bound superiorly and laterally by the iliac crest, and merges
with the overlying psoas muscle fascia medially. The femoral
nerve descends through the psoas major muscle, passing
through its lateral border and coursing between psoas and
the iliacus muscle deep 1o the fascia iliaca.

The obturator nerve crosses the iliacus muscle deep to
the fascia, innervating the distal medial thigh. The lateral
femoral cutaneous nerve emerges from the lumbar plexus
and courses inferiorly just lateral to the psoas muscle
before crossing the iliacus just deep to the fascia iliaca
(Fig. 20.1).

TECHNIQUE

The FICE has been traditionally performed below the level
of the inguinal ligament. However, substantial clinical evi-
dence and radiological studies suggest that the infraingui-
nal approach does not block the femoral, obturator, and
lateral femoral cutaneous nerves reliably. Indeed, block
failure rate has been described as high as 10% to 37%.

An alternative technique, the suprainguinal approach,
has been gaining favor because of improved outcomes in
terms of median pain scores in hip fracture patients, and it
has 2 more consistent spread of LA to the lumbar plexus,
A recent study identified improved cranial spread of LA
with the suprainguinal approach compared with a more
caudal spread with the traditional infrainguinal injection.
The suprainguinal approach has been shown to provide
comparable analgesic efficacy to periarticular infiltration
for total hip arthroplasty.

Typical injectate volumes include 20 mL of LA solution
such as 0.5% ropivacaine for hip fractures and lower con-
centrations for postoperative analgesia following hip or
knee surgery to minimize motor block.

The patient is positioned supine and a high-frequency
linear probe is placed in the inguinal crease to identify
the femoral artery. Typical depths are 3 to 4 cm from the
skin. The probe is moved laterally to identify the sartorius
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Fig. 20.1 Sonocanatomy of the fascia ikaca compartmenial block.

Needle and

muscle, which is then traced cephalad 1o its insertion
point over the anterior superior iliac spine (ASIS). The
ASIS can easily be identified by its hump like hypoechoic
shadow. Moving the probe 2 to 3 cm medial to the shadow
identifies the iliacus muscle, which covers the ilium. The
bright hyperecheoic band covering the iliacus is the fascia
iliaca.

The probe is then rotated in a slight parasagittal plane
such that the medial end points toward the umbilicus. At
this position, the anterior abdominal muscles may be iden
tified from superficial to deep as the internal obligue
muscle, transversus abdominis, and the fascia iliaca over-
lying the iliacus muscle. The curve of the ilium will he
identified on the inferior caudal side of the ultrasouind
image, with the iliacus muscle overlying it. With this view,
the classical "bow-tie" appearance may be appreciaied
(Fig. 20.2, Video 20.1).

injection site

Santorius m. £

Caudad

1 Internal
oblique m,

Cephalad

Fig. 20.2 The fascia liaca comparimental block.




The block needle is inserted and advanced caudad 10
cephalad such that it traverses the sartorius muscle above
the inguinal ligament. [t is then advanced in-plane just deep
to the fascia iliaca. After piercing the fascia, 1 to 2 mL of
LA is injected to confirm adequate spread cranially and
pecling of the fascial layers, lifiing the fascia off the super-
ficial layer of the iliacus muscle. Then 20 10 30 mL of the
block solution is deposited superficial to the iliacus muscle
and deep to the fascia iliaca. Adequate spread of LA will
expand the space between the iliacus musele and faseia
iliaca in a cephalad direction toward the superior edge of
the iliacus muscle. In order to improve the spread of LA
superiorly, the needle tip may be advanced superiorly into
the space created by the injectate.

Althoug! the FICB has enjoyed renewed interest and is
decmed a sete and effective block, complications that have
been descrilied include bladder perforation and inadvertent
punciure of the deep circumflex iliac artery, inferior epi-
gastric artery, external iliac artery, spermatic cord, and
hernia contents. Careful use of real-time ultrasound and
maintaining an in-plane needle approach should help miti-
gale these potential complications.

Key Points

* The ilicinguinal and the ilichypogastric nerves
supply the inguinal area and are the targets of the
block.

= |tis a superficial block, and a high-frequency linear
probe is used for ultrasound guidance.

* The LA should be given between the muscle layers
of the abdominal wall near the iliac crest for a suc-
cessful block.

s The provider should keep in mind that the surgeon
may give an LA intraoperatively as well and so
should avoid injecting a total amount of LA that
would exceed the toxic dose,

The ilicinguinal nerve block provides surgical anesthesia
for groin surgery, primarily inguinal herniorrhaphy. It is
often combined with ilichypogastric and genitofemoral
nerve blocks.

Innervation of the inguinal region arises from the lumbar
plexus nerves. The ilioinguinal and iliochypogastric nerves
originate from the first lumbar nerve and emerge from the
upper part or the lateral border of the psoas major muscle.
The genitofemoral nerve originates from the first and
second lumbar nerves. These peripheral extensions of the
lumbar plexus and the 12th thoracic nerve follow a

Uitrasound for Fascia lliaca and Inguinal Region Blocks

circular course, As they course anteriorly, they pass near
the ASIS. The [2th thoracic nerve and ilichypogastric
nerves run between the internal and external oblique
muscles near the AS1S. The ilicinguinal nerve runs between
the transverse abdominis muscle and the internal oblique
muscle and then penetrates the internal oblique muscle
medial to the AS1S. All these nerves continue anteriorly in
a medial orientation and become superficial as they termi-
nate in the skin and muscles of the inguinal region. The
genitofemoral nerve follows a different course from other
nerves and often requires a supplemental intraoperative
block to make this regional block effective for inguinal
herniorrhaphy.

BLOCK TECHNIQUE

Anatomical Landmark Technique

The patient is placed in the supine position. The ASIS
should be identified. A point approximately 3 ¢m medial
and inferior from the ASIS should be marked, Afier prepar-
ing the skin, a needle is inserted in a cephalolateral direc-
tion. LA is injected as the needle is withdrawn through the
layers of the abdominal wall. Then the needle should be
inserted again at a steeper angle until it penetrates all three
muscle lavers of the abdominal wall. As the needle is with-
drawn, 10 1o 20 mL of LA is injected. Patients who are
obese or muscular may need another injection. The injec-
tion is extended from the previously placed skin wheal
toward the umbilicus and creates a subcutaneous field
block.

Ultrasonography-Guided Technique

The patient is placed supine and the ASIS is identified as
for the landmark technigque. Draw a line from the ASIS
to the umbilicus. A high-frequency linear ultrasound
probe is placed along the line, superior and medial to the
ASIS (Fig. 20.3). The ilicinguinal and iliohypogastric
nerves are seen in the fascia plane, either between the
internal oblique muscles and transverse abdominis or
between the internal oblique and external oblique
muscles, These two nerves are often seen as a hypoechoic
structure, Below the transverse abdominis is the perito-
neal cavity. It is common to see small blood vessels close
to these nerves. Color Doppler is helpful in identifying
blood vessels. After identifying the anatomy, a needle is
inserted in-plane. A 10 to 20 mL volume of LA is injected
into the fascia plane (Video 56.1).

MEDICATION

Lower concentrations of intermediate- to long-acting LAs,
such as 1% lidocaine, 1% mepivacaine, 0.25% bupivacaine,
and 0.2% ropivacaine, can be chosen. The anesthesiologist
should keep in mind that the surgeon may need an addi-
tional intraoperative injection of LA and so limit the dose
of the initial injection to allow an additional injection
without concern for LA systemic toxicity.
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Fig. 20.3 loinguinal-ilichypogastne block.

COMPLICATIONS

The ilioinguinal block is a superficial block and has only a
few major complications. These include postblock ecchy-
mosis and hematoma formation in the region of the sper-
matic cord. This mav make it difficult for the surgeon to
perform an adequate surgical dissection. If a needle is
advanced 100 deep and enters the peritoneal cavity, perio-
ration of the colon could occur.



Lateral Femoral

Cutaneous Nerve

Block
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SONOANATOMY

= This block can be used to provide postoperative anal-
gesia following hip surgery, upper lateral thigh skin
grafting, and neurclysis for refractory meralgia
paresthetica,

¢« Combined with other lower extremity blocks, it
reduces the discomfort with a tourniquet during pro-
cedures on lower leg.

@ This is a very superficial block; hence a high-fre-
quency transducer is preferred for this block.

The lateral femoral cutaneous nerve (LFCN}) of the thigh
is a pure sensory nerve and a derivative of posterior
branches of the lumbar plexus, namely L2 and L3 spinal
nerves. It travels downward along the lateral border of the
psoas muscle heading inferior-lateral toward anterior
superior iliac spine (ASIS) where it angulates acutely, and
exits the lesser pelvis under the inguinal ligament and
arrives over the sartorius muscle into the thigh. As the
nerve nears the inguinal ligament, it is covered with fascia
lata. Furthermore, the nerve divides into anterior (main
trunk) and posterior branches as it crosses the inguinal
ligament. Importantly, it has several distinct patterns of
division—the most common being caudal to inguinal liga-
ment. The anterior branch is roughly 7 to 10 ¢em below the
ASIS and supplies the skin over the anterolateral aspect of
the thigh, while the posterior branch runs through fascia
lata more proximal to the division of the anterior branch
and supplies the lateral thigh from greater trochanter to
the midthigh,

L l-.': :' E _-.'._.. @h

With the patient in the supine position, the ASIS is marked
and the block needle inserted at a point 2 em medial and
2 em caudal to the ASIS, as shown in Fig. 21.1. The needle
is advanced until a "pop” is felt as the needle passes
through the fascia lata. Local anesthetic (LA) is then
injected in a fanlike manner from medial to lateral, as
illustrated in Fig, 21.2,

Under sonogram, the nerve is accessible for visualization
before it exits the pelvis. The image of the nerve appears as
a hyperechoic rimmued structure, seated roughly 0.5 to 1 cm
below the skin surface subfascially (not subcutaneously) and
1 to 2 cm inferior and medial to the ASIS. It is found within
a fat-filled space sandwiched between the two muscles,
namely the sartorius and tensor fascia lata, The orientation
of the nerve and its branches is lateral with respect to the
obliquely and medially placed sartorius muscle, The nerve
can also be confirmed in a sagittal plane by visualizing the
deep circumiflex iliac artery. In this view, the artery is per-
pendicular to the course of the nerve and can be seen as a
pulsating dot. In some cases, when the nerve has an aberrant
course, the area under the medial aspect of the inguinal liga-
ment and immediately lateral to the ASIS should be searched.

Three ultrasonography-guided techniques were described
to block the LFCN: the classic nerve targeting technique,
the subinguinal technique, and block of the LFCN in a flat-
filled flat wnnel (FEFT).

NERVE TARGETING TECHNIQUE AND
SUBINGUINAL TECHNIQUE

While placing the patient in supine position, the ASIS is
palpated, and the lateral end of a high-frequency transducer
is positioned immediately inferior to the ASIS in line with
the inguinal ligament—angled slightly in a caudal direction.
The inguinal ligament can be seen as a linear hyperechoic
structure running from the pubic tubercle to the ASIS. At this
level, we can find an image showing the inguinal ligament,
the ASIS, and the anterior inferior iliac spine (ALIS). The
subinguinal technique consists of performing the block at
this level below the inguinal ligament where the nerve courses
without directly visualizing the nerve, The needle is inserted
out of plane, and 5 mL of LA is injected medial to the ASIS.

Also, we can keep moving the probe further medial-caudad
until locating the nerve. The nerve can be visualized in a
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Fig Soncanatomy for LFCM block.

fat-flled space between medially located sartorius and laterally
tensor fascia lata, Once the nerve is found in the transverse
plane, it should be traced proximally and distally (Figs. 21.3
and 21.4). Confirmation of the nerve can also be done in the
sagittal plane by visualizing the deep circumflex vessels (via
Doppler) that course paralle] 1o the inguinal ligament and per-
pendicular o the course of the nerve. [ts essential to confirm
the nerve by either method described because it is not uncom-
mon to mistake the hyperechoic tendinous part of the sartorius
as the nerve. After confirmation, the needle is inserted in a
lateral to medial fashion via the in-plane technigue, and 5 mL
of LA can be injected subfascially or perineurally. However,
visualization of the nerve might be difficult sometimes. Both
technigues could be easily performed with similar cutcomes
(Videa 21.1).

LFCN BLOCK IN THE FFFT

A novel, recently described technique involves identifying
the LFCN in the FFFT formed by the double layer of the
fascia lata between the sarlorius and the tensor [ascia lata
muscle, about 10 cm from the ASIS. The transducer can be
placed in a transverse direction on the thigh o find the
sartorius muscle. The transducer is moved cranially toward
the ASIS. The target area is where we localize the sartorius
muscle and the tensor of the fascia lata, along with the ASIS.
The gap between the two muscles is formed by a fat-flled
tunnel, seen as a hyperechoic area between the two muscles
where the LFCN can be localized. The needle is inserted

using the in-plane technique ino the FFFT, and 10 mL of

LA is injected intermittently while simultancously advancing
the needle tip inside the FFFT toward the ASIS and while
tracking the needle tip with ultrasonography in real time,

e This block can be used in lieu of a lumbar plexus
block after hip surgery. However, an injection of a

Fig. 21.4 Ultrasound-guided LFCM block.

high volume of LA in the fascia iliaca can spread as
far as the anterior and posterior divisions of the
femoral nerve.

* The block can be performed just below the inguinal
ligament medial to the ASIS, with or without
visualizing the nerve on ultrasound.

* The nerve appears as a small hyperechoic structure
containing hvpoechoic vesicles and must be
differentiated from the hyperechoic tendinous part
of the sartorius muscle by scanning the course of the
nerve. Hydrodissection of fascia iliaca and tensor
facia lata may also help improve visualization of the
nerve.

* [t is not uncommon to see variations in the
course of the nerve. It is sometimes helpful to
locate the nerve more distally, between the
sartorius and tensor facia lata, then tracing up
proximally toward the AS1S at the insertion site
of the sartorius. Also, the deep circumflex artery
landmark may be useful.

* Because of the superficial nature of this block, apply
light pressure and plenty of ultrasound gel for better
nerve visualization,

s Peripheral nerve catheters are not studied with this
block.
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Obturator Block

Loran Mounir-Soliman and David L. Brown

he success of the block depends on the appropriate
spread of local anesthetics (LAs) in the appropriate
fascial planes superficially and deeply to the adductor
brevis muscle,

= {Care should be taken to confirm the spread in the
intermuscular fascial planes, not intramuscular.

= Change in adductor strength is the best assessment
method for the block, because the sensory distribution
is variable.

e With a successful block, some residual adductor
strength is secondary to the formal innervation to
the pectineus as well as some sciatic innervation to
the adductor magnus.

This block is most often combined with the sciatic, femoral,
and lateral femoral cutaneous nerve blocks to allow surgi-
cal procedures on the lower extremities. If an operation
on the knee using these peripheral blocks is planned, the
obturator block is often essential. Another use for this
block is in patients who have hip pain. It can be used
diagnostically to help identify the cause of pain, because
the obturator nerve block may provide considerable pain
relief if the nerve’s articular branch to the hip is involved
in pain transmission. The block also may be useful in the
evaluation of lower extremity spasticily or chronic pain
syndromes.

Patient Selection. As with femoral and lateral femoral
cutaneous nerve blocks, elicitation of paresthesia is not
essential for the obturator block. Any patient able to lie
supine is a candidate.

Pharmacologic Choice. Motor blockade most often is
not necessary for surgical patients receiving oblurator nerve
block; thus lower concentrations of LAs are appropriate for
obturator block: 0.75% to 1.0% lidocaine or mepivacaine,
0.25% bupivacaine, or 0.2% ropivacaine.
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Anatomy. The obturator nerve emerges from the medial
border of the psoas muscle at the pelvic brim and travels
along the lateral aspect of the pelvis, anterior 1o the

obturator internus muscle and posterior o the iliac vessels
and ureter. It enters the obturator canal cephalad and ante-
rior 1o the obturator vessels, which are branches from the
internal iliac vessels. In the obturator canal, the obturator
nerve divides into anterior and posterior branches (Fig.
22.1). The anterior branch supplies the anterior adductor
muscles and sends an articular branch to the hip joint and
a cutaneous area on the medial aspect of the thigh. The
posterior branch innervates the deep adductor muscles and
sends an articular branch to the knee joint. In 10% of
patients, an accessory obturator nerve may be found.

Pasition. The patient should be supine, with the legsina
slightly abducted position. The genitalia should be protected
from antiseptic solutions.

Needle Puncture. The pubic tubercle should be located
and an X" marked 1.5 em caudad and 1.5 cm lateral to the
tubercle (Fig. 22.2). The needle is inserted at this point, and
at a depth ol approximately 1.5 1o 4 cm, it contacts the
horizontal ramus of the pubis. The needle is then with-
drawn, redirected laterally in a horizontal plane, and
inserted 2 to 3 cm deeper than the depth of the initial
contact with bone. The needle tip now lies within the obtu-
rator canal (see Fig, 22.2), With the needle in this position,
10 10 15 mL of an LA solution is injected while the needle
is advanced and withdrawn slightly 1o ensure development
of a "wall" of LA in the canal.

The obturator canal is a vascular location, thus the potential
exists for intravascular injection or hematoma formation,
although these are more theoretical than clinical
COncerns.

This block, even in trained hands, has a variable success
rate. Our experience suggests that one must rely on the
volume of anesthetic delivered rather than on absolute
accuracy of needle position. Fortunately, use of an obtura-
tor block with the other lower extremity peripheral nerve
blecks is not an absolute requirement for most surgical
procedures. If this block is used diagnostically for patients
with chronic pain, it is helpful to use a nerve stimulator to
guide needle placement. This will minimize diagnostic
confusion when pain reliel is produced with a small volume
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of LA. Large-volume injections (approximately 15 mL) are

the obturator nerve usually originates from the main oblu-
performed with this block for many surgical procedures.

rator nerve belore division,

In the thigh, the two nerves run within the adductor
compartment and medial to the femoral compartment. The
anterior branch has a more superficial course between the

fascia of the pectineus and adductor brevis muscles,
The obturator nerve is formed from the anterior primary whereas the posterior branch runs at a deeper level between

rami of the L2 to L4 roots as a branch of the lumbar plexus the adductor brevis and adductor magnus muscles (Fig,
within the psoas muscle. The nerve exits the pelvis through 22.3).

the obturator foramen, then typically divides into an ante-
rior and posterior branch before entering the thigh. The
anterior branch provides sensory supply 1o a variable area
of the medial aspect of the thigh as well as motor fibers 10
the adductor muscles. The posterior branch provides pri-
marily motor fibers to the adductor muscles and occasional
articular sensation to the medial aspect of the knee joint,
Notably, the articular branch of the hip joint provided by

¢ Avoid adductor muscle contractions during

transurethral bladder surgery under spinal anesthesia

or when administration of muscle relaxants is
undesirable.
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* Use a lingar transducer probe [8-13 MHz), starting
at a depth of 4 cm.

* For a single-shot nerve block, use a 21-gauge,
d-inch or 100-mm needle (stimulating or
nonstimulating).

* For local anestheric solution in a single-shot nerve
block, bupivacaine or ropivacaine 0.5% 20 mL (for
ultrasound-guided approach) and 30 to 40 mL (for
anatomic approach alone) can be used.

¢ For a continuous nerve block, use a 17-gauge, 3.5-
inch or 89-mm Tuohy needle with a 20-gauge cath-
eter (stimulating or nonstimulating). You can inject
ropivacaine 0.2% or bupivacaine 0.25% 20 mL and
use a bag of solution containing ropivacaine 0.2%
running at 8 mL per hour with 2 8- to 12-mL bolus
every 60 minutas,

= Confirm local anesthetic injection is subparaneural
by tracking the local anesthetic spread proximally
and distally from the site of injection around the
nerves.

= |f you are having trouble finding the artery, use color
Doppler (the artery pulsates and is hypoechoic).

The nerves blocked in the popliteal fossa—the tibial and
peroneal nerves—are extensions of the sciatic nerve, The
principal use of this block is for foot and ankle surgery.
The addition of a saphenous nerve block improves comfort
because medial lower leg and ankle sensory blockade
make tourniquets and medial ankle surgery more
comfortable,

Patient Selection. To use the classic form of this block,
the patient must be able to assume the prone position.
Elicitation of paresthesia or a motor response is desirable
but not essential; however, block effectiveness decreases
without these endpoints.

Pharmacologic Choice. The principal use of these
blacks is to provide sensory analgesia; thus lower concen-
trations of a local anesthetic (LA) are practical in contrast
to situations in which motor blockade is essential,
Concentrations of 1% lidocaine, 1% mepivacaine, 0.25%
to 0.5% bupivacaine, and 0.2% to 0.5% ropivacaine are
effective.

PLACEMENT

Anatony. As illustrated in Fig, 23.1, the cephalad popliteal
fossa is defined by the semimembranosus and semitendi-
nosus muscles medially and the biceps femoris muscle lat-
erally. Its caudad extent is defined by the gastrocnemius
muscles both medially and laterally, If this quadrilateral
area is bisected, as shown in Fig. 23.1, the area of interest
to the anesthesiologist is the cephalolateral quadrant
(hatched area), where both a tibial and commeon peroneal
nerve block is possible. The tibial nerve is the larger of these
two nerves; il separates from the common peroneal nerve
al the upper limit of the popliteal fossa and sometimes
higher. The tibial nerve continues the straight course of the
sciatic nerve and runs lengthwise through the popliteal
fossa immediately under the popliteal fascia. Inferiorly, it
passes between the heads of the gastrocnemius muscles,
The common peroneal nerve follows the tendon of the
biceps femoris muscle along the cephalolateral margin of
the popliteal fossa, as illustrated in Fig. 23.2. After the
common peroneal nerve leaves the popliteal fossa, it travels
around the head of the fibula and divides into the superfi-
cial peroneal and deep peroneal nerves.

Position. The patient is placed in a prone position, and
the anesthesiologist stands at the patient’s side o allow
palpation of the borders of the popliteal fossa.

Needle Puncture, With the patient in the prone position,
they are asked to flex the leg at the knee, which allows more
accurate identification of the popliteal fossa. Once the pop-
liteal fossa has been defined, it is divided into equal medial
and lateral triangles, as shown in Fig. 23.1. An X" is placed
5 to 7 cm superior to the skin crease of the popliteal fossa
and | cm lateral to the midline of the triangles, as shown
in Fig. 23.1. Through this site, a 22-gauge, 4- to 6-cm needle
is advanced at an angle of 45 to 60 degrees to the skin while
being directed anterosuperiorly (Fig. 23.3). Paresthesia or
a motor response is sought; when obtained, 30 to 40 mL of
LA is injected.

When a saphenous block is added for foot and ankle
surgery, the patients knee is bent at approximately a
45-degree angle and the medial aspect of the leg is
exposed. Two primary techniques are used for a saphe-
nous block. A superficial ring of LA may be injected just
distal to the medial surface of the tibial condyle. Often,
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5to 10 mL of LA is needed. Conversely, a more proximal
technique at the cross-sectional level of the superior
border of the patella is possible (Fig. 23.4). In this case,
a 22- to 25-gavge, 3- to 4-cm needle is inserted immedi-
ately deep to the sartorius muscle in the plane between
the vastus medialis and the sartorius muscles, and 10 mlL
of LA is injected,

POTENTIAL PROBLEMS

Although vascular structures also occupy the popliteal
fossa, intravascular injection should be infrequent if the
usual precawtions are taken. Hematoma formation is
possible,

Popliteal and Saphenous Block

SONOANATOMY

The sciatic nerve courses through the popliteal fossa, where |
it is blocked. It is beneficial to use ultrasound for this block
because the division of the sciatic nerve into posterior tibial
and common peroneal nerves occurs at variable distances
from the popliteal crease. The goal is to block the sciatic nerve
before it divides and inject the LA within the paraneurium
that surrounds both branches. This allows for a more consis-
tent blockade of both divisions and use of lower volumes of
LA. The same anatomic landmarks that are used for the nerve
stimulator-guided technique are also used for the
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Fig. 23.4 Saphenous nerve block: anatomy and proximal technique.
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ultrasound-guided block. However, with the ultrasound, the
goal is to find the popliteal vessels first (Figs. 23.5 and 23.6).

INDICATIONS

The sciatic nerve block at the popliteal fossa is done when
the goal is to block the distal leg and foot (S2-54) for the
following:

» Tibia or fibula repair

e Achilles tendon repair

= Calf tourniquet pain

= Ankle and 1oe surgeries

= Below-the-knee amputations

= Posterior knee pain

Lateral

Biceps femoris
{long head)
Biceps femoris
(shor head)

Common
fibular nerve

To have full surgical anesthesia of the area below the
knee, ane must also block the saphenous nerve, which is
the terminal branch of the femoral nerve and innervates
the skin of the medial portion of the lower leg.

TECHNIQUE

The popliteal block can be done with the patient in the
prone, lateral decubitus, or supine position. We find the
prone position to be easiest because it allows us to easily
rest and stabilize the hand that is helding the ultrasound
probe on the patient’s leg once the desired image has
been achieved, especially when placing a nerve cathcter
(Fig. 23.7). However, if the patient has a cast, external
fixation device, or fracture, making positioning diflicuit,
then it may be preferable to place the patient in lateral
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Fig. 23.5 Anatomy of the popliteal lossa.
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Popliteal and Saphenous Block

decubitus (the operative site being superior and placing
pillows between the knees), or supine (hip and knee are
flexed with blankets serving as a foot rest). Whichever
approach you decide to use, the ultrasound image will
be the same; it is the needle path that changes (Fig, 23.8),

After identifying the popliteal fossa, place the linear
ultrasound probe, which is 8 to 13 MHz, in the transverse
position at the crease and ensure that the left side of the
screen corresponds to the lateral side of the patient (where
the biceps femoris muscle will lie). Then scan medially
and laterally to find the popliteal artery, which tends to
be about 4 cm deep. The popliteal vein, which is a com-
pressible hvpoechoic structure, can be lateral or deep to
the artery. The posterior tibial nerve usually lies superficial
and lateral 1o the artery. The posterior tibial nerve will be
a hvperechoic oval with a honeycomb interior. Once the
posterior tibial nerve is identified, slowly move the

ultrasound probe cephalad. Adjust the probe as you scan
to maintain a good view of the nerves. As you move
cephalad, the popliteal artery tends to course deeper (more
anteriorly) and may disappear from the ultrasound view,
The common peroneal nerve, usually smaller in size than
the tibial nerve, will emerge laterally and move medially
to join the posterior tibial nerve until they are enveloped
within a common epineural sheath, Their unity forms the
sciatic nerve and usually oceurs around 5 to 10 cm from
the crease, but the distance varies (Fig. 23.9).

We usually prefer the in-line approach when performing
this block (Figs. 23.10-23,12}. For a single-shot nerve block,
after the posterior tibial and common peroneal nerves join,
we usually move the probe | to 2 cm more cephalad to
ensure that the injected LA will surround both nerves, If
obtaining an ideal image cephalad to the bifurcation is
challenging due to patient anatomy, an alternative is to

Popliteal block
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culaneous nerve

Scatic nerve

Fopliteal block

Common —

fibular nerve = Tibial nerve

Fig. 23.6 Anatomy of the popliteal block and dermatomal coverage.
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Fig. 23.7 Patient posilicn and ultrasound machine for the popliteal block in prone position.
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Fig. 23.8 Patient position and ultrasound machine for the popliteal block in lateral position.
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Fig. 23.10 In-plane technique for the popliteal block with needle from lateral to medial,

Fig. 23.11 Ultrasound still of the popliteal block procedure. Note the needle is in-plane, thus visualizing the entire needle shaft,
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inject LA circumferentially around each individual nerve; ensure that the ultrasound beams are hitting the
however, the subparaneural technique has better block nerves at a 90-degree angle.
° success rate and onset ( Video 23.1). When placing a continu- s

As you move the probe cephalad and the nerve
tracks deeper, it may be more difficult to visualize
the nerve and needle tip despite various attempts at
probe manipulation. In this scenario, using the
combined technique of ultrasound and nerve
stimulation is helpful, or try hydrodissecting with
dextrose.

® Muscle tendons may be mistaken for nerves, As
you track the course of the tendon cephalad, it
will disappear as it turns into muscle. Nerves
PEARLS will stay constant. Furthermore, asking the
patient to dorsiflex the ankle will make the
nerves rotate or move in relation to their
surroundings,

ous nerve catheter, we insert a 17-gauge Tuohy needle. Once
the tip is located near the 6 otlock position in relation to the
nerve, we insert the catheter through the Tuohy needle and
follow its trajectory by visualizing the catheter or lissue move-
ment caused by the catheter in order 1o ensure that it does
not migrate. Insert the catheter 5 cm beyond the tip of the
Tuohy needle (Fig. 23.11). Please refer to Chapter 24 for a
review of the ultrasound-guided adductor canal block.

* If vou are having trouble getting a good image of the
nerves, try tilting the ultrasound probe caudad to
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# A high-frequency transducer is preferred for this
block.

@ This approach is the most effective and easiest one
for saphenous nerve block,

* It can be used in lieu of femoral nerve block after
total knee arthroplasty to avoid quadriceps muscle
weakness,

# It can be used as a block for the saphenous nerve after
surgeries in the medial side of the foot and the ankle.

The saphenous nerve, a terminal branch of the posterior divi-
sion of the femoral nerve, provides sensory innervation to the
medial, anteromedial, and posteromedial aspects of the lower
extremity from the distal thigh to the medial malleolus. It
travels along the lateral aspect of the superficial femoral
artery in the proximal artery within the adductor canal
(Hunter canal). It then crosses over the superhcial femoral
artery anteriorly just proximal of the lower end of the adduc-
tor magnus muscle and runs medially alongside the superfi-
cial femoral artery until emerging from the canal with the
saphenous branch of the descending genicular artery. After
leaving the adductor canal, the saphenous nerve divides into
the infrapateflar branch, which provides a sensory branch 1o
the peripatellar plexus of the knee, and the sartorial branch,
which perforates the superficial fascia between the gracilis
and sartorius muscles and emerges o fie in the subcutaneous
tissue below the knee fold. It then descends along the medial
tibial border with the saphenous vein giving cutaneous
branches (o the medial aspect of the leg, ankle, and the fore-
foot. The nerve to the vastus medialis is also a branch of the
posterior division of the femoral nerve. It travels lateral to the
superficial femoral artery within the adductor canal, sending
multiple branches to the vastus medialis, and supplies the
anteromedial portion of the knee capsule.

The adductor canal is an aponeurotic wnnel in the
middle third of the thigh. It courses between the anteriar-
medial compartment of the thigh and is covered by strong
aponeurosis, the vastoadductor membrane. The canal con-
tains the superficial femoral artery, vein, saphenous nerve,
nerve to the vastus medialis, and the terminal nerve endings
of the posterior branch of the obturator nerve,

The short-axis ultrasound image of the adductor canal
at the midthigh usually shows the sartorius muscle and the

saphenous nerve as a hyperechoic structure which lies
lateral to the artery and anterior to the vein. The vastus
medialis muscle lies laterally 1o the saphenous nerve, and
the adductor longus and adductor magnus muscles are on
its medial side (Figs. 24.1 and 24.2),

Femoral nenve

Femaral artery
Femoral vein

Inguinal ligament -

Adductor brevis muscle

Adductor longus muscle

Adductor magnus muscle ——

Saphenous nenve

Adductor canal
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Vastus intermedius muscle

Fig. 24.1 Anatomy of the adductor canal.
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Fig. 24.3 Pesitien for the palient and the ultrasound machine,
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Fig. 24.6 Ullrasound image of the adductor canal,

of normal saline under ultrasound guidance until ® Because the femoral artery lies above the vein in the
an expansion between the fascia that separates the adductor canal, the author usually applies firm
sartorius muscle from the adductor canal and the pressure with the ultrasound transducer to occlude
vessels is visualized. After negative aspiration for the vein for better nerve visualization and to

blood through the catheter, the local anesthetic can decrease the incidence of inadvertent vascular

be injected. injection.
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Trz femoral triangle block is considered a modified

technigue of the adductor canal block.

¢ The femoral triangle block can be used to provide
postoper ative analgesia after total knee arthroplasty
while preserving quadriceps muscle strength.,

* The femaoral triangle block can be administered as a
single-shot or continuous catheter infusion technigue,

= The adductor canal block provides better analgesia

and preserves more quadriceps strength than the

femoral triangle block.

The femoral triangle (FT) block is performed at the
midthigh level, which usually lies at 1 to 2 cm proximal to
the apex of the FT. Sonoanatomy of this region shows the
adductor longus muscle posteromedially, vastus medialis
muscle anterolaterally, and sartorius muscle anteromedially,
The apex of the FT can be identified under ultrasound,
where the medial borders of the adductor longus muscle
and sartorius muscle overlie, forming a figure of “3," also
called the “kissing sign.” In this region, there is no vastoad-
ductor membrane forming the roof of the adductor canal.
The saphenous nerve lies just lateral to the femoral artery,
whereas the nerve to the vastus medialis lies lateral to the
saphenous nerve in the intermuscular fascial planes between
the sartorius and vastus medialis muscles. The local anes-
thetic injected in this block will spread distally into the
adductor canal along with the vessels. Most of the drug
spreads distally under the sartorius muscle and above the
vastoadductor membrane in the adductor canal. The distal
spread above the vastoadductor membrane will involve the
subsartorial plexus, which is sandwiched between the sar-
torius muscle and the vastoadductor membrane (Fig. 25.1).

The block is performed at the midthigh level afier identify-
ing the apex of the FT using the kissing sign, and the linear
probe is moved | to 2 cm proximally. The landmarks of the
block will be the sartorius muscle above, the vastus media-
lis muscle anterolaterally, and the adductor longus muscle
posteromedially, The saphenous nerve lies lateral to the
femoral artery and appears as a hyperechoic structure
under ultrasound.

In-plane approach is the preferred technique with lateral
to medial approach. After confirming the proper needle tip
position lateral to the femoral artery and negative agpira-
tion, 10 to 20 mL of local anesthetic for a single-shot tech-
nigque will be injected. In the continuouws catheter infusion,
use a Tuohy needle 1o place the catheter in proximity of the
femoral artery and saphenous nerve. It is preferred to use
ropivacaine (.2% to provide more sensory than motor
blockade. Of note, injecting a higher volume of local anes-
thetic could spread proximally to include the femoral nerve
and its branches, thus obviating the motor-sparing effect of
this block (Fig. 25.2, Video 25.1).

=

. =i = 4 ]

® The femoral lies in proximity to the femoral artery
in the FT and it is better to be occluded while
performing the block to avoid inadvertent vascular
injection.

¢ In the single-shot technique, the local anesthetic
should be injected in aliquots (3-5 mL) after careful
aspiration to avoid inadvertent vascular injection.

* In the continuous catheter technique, the local
anesthetic infusion should be started only after
careful aspiration through the catheter.
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Fig. 25.2 Ultrasound technique for femoral triangle block. Mote the figure 3 or kissing sign between Sartorius muscle and Adductor
longus muscle.
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= A cureed low-frequency transducer is preferable for
this blach because of the depth of the target.

= This block can be combined with the adductor canal
block 1o provide both anterior and posterior knee
analgesia without having to reposition or sterilize the
field again.

» The iPACK block results in less risk of lower extremity
matar weakness compared with the sciatic nerve block.

The iPACK block. or infiltration between popliteal artery
and capsule of the knee, is performed to provide pain relief
for posterior knee pain following total knee arthroplasty.
The block targets articular branches of the tibial, common
peroneal, and obturator nerves in the popliteal region
behind the knee. The main advantage of the iPACK block
over performing a sciatic nerve block is avoidance of motor
blockade of the lower extremity caused by sciatic nerve
blockade. When combined with the adductor canal block,
the iPACK block can be utilized to provide optimal post-
operative pain control for both the anterior and posterior
knee. Other indications for the iPACK block include surgi-
cal procedures involving the posterior knee, such as ante-
rior cruciate ligament repair.

With the patient positioned supine and the knee slightly
flexed, place a curved low-frequency ultrasound trans-
ducer transversely over the medial surface of the distal
thigh, approximately one finger breadth above the patella.
Slide the transducer proximally and distally to identify the
distal femoral shaft and the femoral condyles anteriorly and
the popliteal artery located posterior to the femur. Once
the femoral condyles are visualized as two discontinuous,
curved hyperechoic lines, scan proximal just until the

condyles disappear and the shaft of the femur appears as a
continuous hyperechoic line. Identify the location of the
posterior capsule of the knee between the femoral shaft
anteriorly and the popliteal artery posteriorly. The tibial
and common peroneal nerves are not always scen, but the
tibial nerve can be identified as superficial to the popliteal
artery, with the common peroneal nerve located laterally
on the screen.

Insert the needle in-plane from an anteromedial to pos-
terolateral direction. Adjust the transducer more posteri-
orly to keep the femoral shaft at the edge of the screen to
allow a clear path for the needle. Note that the needle
insertion angle can be very steep. Keep the needle next to
the femoral shafi continuously during needle advancement
while avoiding the popliteal vessels. Stop the needle once
the tip is located between the posterior capsule and the
popliteal artery. Use color Doppler to confirm the position
of the popliteal artery and vein if necessary. Inject a total
of 10 to 15 mL of local anesthetic. Note that local anesthetic
injection too deep past the popliteal artery may reach the
sciatic nerve (Figs. 26.1A.B and 26.2, Video 26.1).

» Color Doppler can be used to avoid and identify
popliteal vasculature during block.

¢ A medial-to-lateral approach requires a steep needle
angle to avoid nerve and vessel injury.

* A curved array offers larger coverage without the
need to slide the probe continually, because all
structures will be visible in image.

* Qften, this is placed in tandem with an adductor
canal block—plan out allotment of local anesthetic
prior to placement.

o Morbidly obese patients may have significantly
challenging anatomy.
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Fig. 251 (&) and (2] Medial ultrascund orientaticn and approach to IPACK, or infiltration between popliteal artery and capsule of the
knee,
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Dual Subsartorial
Block

Vicente Roqués-Escolar and Javier Cubillos

Ke

e Dwal supsartorial block (DBS) is used as a motor-
sparing bicck for knee surgery.

e The first injection of 10 to 20 mL (distal femoral tri-
angle block) will target the saphenous nerve and the
nerve to the vastus medialis directly. The distal
spread of the local anesthetic under the sartorius
muscle but above the vastoadductor membrane will
also reach the subsartorial plexus.

= The second injection of 10 to 20 mL of local anes-
thetic will go into the adductor canal, below the vas-
toadductor membrane, and will travel along with the
femoral vessels to enter the adductor hiatus and
reach the posterior aspect of the knee joint, target-
ing the popliteal plexus (articular branches from the
posterior division of the obturator nerve, tibial,
common peroneal, and sciatic nerve).

= This novel block must be considered as a procedure-

specific component of multimodal analgesia proto-
cols, allowing early mobilization and discharge.

Multiple regional anesthesia techniques have been
described for total knee arthroplasty (TKA) surgery. The
goal has always been to choose a procedure-specific, motor,
and opioid-sparing modality as part of a well-established
multimodal analgesia protocol to improve postoperative
recovery, with early mobilization and efficient discharge
after surgery,

The first described motor-sparing block was the adductor
canal block, which allowed postoperative recovery improve-
ment in terms of mobility without losing analgesic benefit.
The adductor canal block can be performed at three differ-
ent levels: proximal, midpoint, and distal. A slightly differ-
ent block site at the level of the distal femoral triangle was
later described, with the aim of improving analgesic results
without losing motor functional preservation by making
sure that the saphenous nerve is covered, together with the
subsartarial plexus. The subsartorial plexus is formed by an
infrapatellar branch from the saphenous nerve, the anterior
division of the obturater nerve, the medial femoral cutane-
ous nerve, and, very importantly, the nerve 1o the vastus
medialis.

The iPACK block (infiltration between popliteal arteryand
capsule of the knee) was described as another motor-sparing

block, with the objective of targeting innervation of the pos-
terior capsule of the knee, an area that seermed not to be
blocked by the adductor canal block. Nevertheless, some
authors recently have demonstrated that after injections
inside the adductor canal, there is some distal diffusion of
volume toward the posterior aspect of the popliteal fossa.

Very recently, in 2021, Dr. Kartik Sonawane described the
dual subsartorial block (DSB) technique as a novel precision,
motar-sparing, opioid-sparing, and procedure-specific block
that targets specific nerves using standardized volumes and
concentration by injecting local anesthetic in two different
locations, the femoral triangle and the adductor canal,

The first infection aims to block the innervation of the
anterior capsule of the knee and is performed | to 2 cm
proximal to the apex of the femoral triangle, targeting the
saphenous nerve and the subsartorial plexus, including the
nerve to the vastus medialis. The local anesthetic injected
will show a distal spread under the sartorius muscle but above
the vastoadductor membrane in the adductor canal region,

The second mijection aims to block the saphenous nerve
directly and then the popliteal plexus formed by the articu-
lar branches from the posterior division of the obturator
nerve, tibial, and common peroneal innervation of the pos-
terior capsule of the knee. It is performed by injecting 1 to
2 em distal to the femoral triangle apex inside the proximal
adductor canal. Nevertheless, authors have suggested that
the injection can also be in the mid or distal canal. Simply
depositing the drug around the vasculature and under the
vastoadductor membrane is sufficient to obtain the desired
outcome, The local anesthetic will travel along with the
femoral vessels dissecting a fascial plane and will enter the
adductor canal hiatus to reach the popliteal plexus in the
posterior aspect of the knee joint, as it has been demon-
strated in previous cadaveric and clinical studies.

Another innovative technique also described by Dr
Sonawane in 2022 is the Hi-PAC (Hi-volume proximal addue-
tor canal) block that consists of injecting larger volumes of
local anesthetic (30-40 mL) in the proximal adductor canal
with the objective of covering the saphenous nerve directly
and the sciatic nerve plexus indirectly. Nevertheless, it is a
technigue that originally was recommended by the authors to
be used mainly for analgesia of below-the-knee surgeries.

The DSB is a newly introduced motor-sparing regional tech-
nique for TKA surgeries but also other knee procedures,
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with a medial parapatellar, midvastus, or subvastus approach
that may benefit from this analgesic block.

The DBS may not work in TKA surgeries with other
approaches. Similarly, it may not provide complete analge-
sia in revision TKA surgeries or knee debridement surgeries
as the incision is not always medial parapatellar.

Long-acting local anesthetics (bupivacaine, levobupiva-
caine, or ropivacaine) are used at concentrations of 0.2% of
ropivacaine or 0.125% of bupivacaine or levobupivacaine.
Authors in the original description of the DSB used a total
volume of 20 to 40 mL of local anesthetic solution to ade-
quately cover all the innervation of the postoperative pain-
generating components of the TEA surgery; 10 to 20 mlL
for fermoral triangle block and 10 to 20 mL for distal adduc-
tor canal block. The exact volume and concentration of
local anesthetic to be used in DSB is not well established,
and further randomized controlled studies are necessary to
determine the optimal dosing and volumes. Adding adju-
vants 1o local anesthetic can potentially prolong and
improve the quality of the block, but specific evidence will
still need to be collected in future research.

Anatomy. The adductor canal (Hunters canal/subsarto-
rial canal) is a narrow conical tunnel located in the thigh
It is approximately 15 cm long, extending from the apex of
the femoral triangle above to the adductor hiatus, the ten-
dinous opening in the adductor magnus muscle. The canal
serves as a passageway from structures moving between the
anterior thigh and posterior leg.

The adductor canal is triangular in shape in a cross
section and is bounded anterolaterally by the vastus medi-
alis muscle and posieromedially by the adductor longus
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muscle in the proximal aspect, followed by the adductor
magnus muscle distally. The vastoadductor membrane is
astrong, fibrous membrane located anteromedially, joining
the anterior and posterior walls. The adductor canal roof
is formed by the skin, subcutaneous tissue, sartorius
muscle, and the vastoadductor membrane (Fig. 27.1).

The sartorius muscle is a commeon landmark for both
femoral triangle and adductor canal blocks; therefore the
area under the sartorius in these regions can also be called
asubsartorial area. Consequently, the femoral triangle block
and adductor canal block can be considered variants of the
subsartorial blocks. The regional block effects in these sub.
sartorial areas differ from each other due to the varicd!
neurovascular anatomy.

The subsartorial plexus lies in this region and is pacicd
between the sartorius muscle and the vastoadductor moco-
brane. It is formed by an infrapatellar branch from ihe
saphenous nerve, anterior division of the obturator nerve,
medial fernoral cutaneous nerve, and the nerve to the vasius
medialis. It supplies the skin over the anteromedial aspect
of the knee joint, retinaculum, collateral ligaments, and
capsule of the knee joint (Fig. 27.2).

The adductor canal has three foramina; superior, ante-
rior, and inferior, The femoral vessels and the saphenous
nerve enter the adductor canal through the superior
foramen. The saphenous nerve and descending genicular
vessels exit the adductor canal through the anterior
foramen, piercing the vastoadductor membrane in at the
distal third of the canal. Finally, the femoral vessels exit
the canal via the inferior foramen, also called the adductor
hiatus. After exiting, femoral vessels become the popliteal
artery and vein.

Position. The DSE is typically performed with the patient
in the supine position, with the thigh abducted and exter-
nally rotated to allow access to the medial thigh.

Fig. 271 Lower limb anatomy.




BROWN'S ATLAS OF REGIONAL AMESTHESIA

Fig. 27.3 Sonography of (A) femoral tnangle and (B) adductor canal.
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femoral artery and vein are identified. Color Doppler
can be used for orientation if needed.

Initial ulirasound examination and precise
identification of the anatomical landmarks of the
femoral triangle and adductor canal are mandatory
to obtain the desired analgesic results successfully,
Vastus medialis nerve identification can be confirmed by
neurostimulation to ensure the correct needle position,
Afier careful aspiration to avoid intravascular
injection. 1 to 2 mL of local anesthetic is injected to
confirm the ideal perivascular spread.

Dual Subsartorial Block

= During the first injection, the goal is to place the

needle tip immediately adjacent to the nerve to the
vastus medialis and saphenous nerve in the
intermuscular plane between the vastus medialis
and sartorius muscles. During the second injection,
the goal is to place the needle tip below the
vastoadductor membrane, distal to the apex of the
femoral triangle, immediately adjacent to the
superficial femoral artery.




Ankle Block

Key

@ Use a linear transducer probe (8-18 MHz), starting
at a depth of 2 cm.

® Use a 22- to 25-gauge, 4-inch or 100-mm needle
(stimulating or nonstimulating) and 10-mL syringes
to ease injection effort.

e Either bupivacaine or ropivacaine (,5% 20 to 30 mL
without epinephrine may be used. Avoid epineph-
rine because circumferential injections might cause
vasoconstriction and ischemia.

= Three 10-mlL syringes are needed to block all five
nerves, injecting about 5 mL per nerve.

= Thereis alow risk of systemic complications. However,
patient may have residual paresthesias, Small nerves
are more sensitive to intraneural injections. It is
preferable not to repeat deep nerve injections.

= Bleeding risk is mainly from the greater saphenous
vein, located at the level of the medial mallealus,

= This block should not be chosen if high tourniguet
pressures are required to carry out the surgical
procedure.

This block is often used for surgical procedures carried out
on the fool, especially for those not requiring high lower
leg tourniquet pressure,

Patient Selection. The ankle block is principally an infiltra-
tion block and does not require elicitation of paresthesia, Thus
patient cooperation is not mandatory. Although the block is
most efficient for the anesthesiologist if the patient can assume
both the prone and supine positions, this is not essential,

Pharmacelogic Choice, Because motor blockade is not
often needed for procedures carried out during ankle block,
lower concentrations of local anesthetics (LAs) may be used.
Practical choices are 1% lidocaine, 1% mepivacaine, 0.25%
to 0.5% bupivacaine, and 0.2% to 0.5% ropivacaine. Many
physicians suggest that epinephrine not be used during ankle
block, especially il injection is circumferential,

PLACEMENT

Anatomy. The peripheral nerves requiring block are derived
from the sciatic nerve, with the exception of a terminal
branch of the femoral nerve—the saphenous nerve. The

Maria Yared

saphenous nerve is the only branch of the femoral nerve
below the knee; it courses superficially anterior to the
medial malleolus, providing cutaneous innervation to an
area of the medial ankle and fool. The remaining nerves
requiring block at the ankle are terminal branches of the
sciatic nerve—the common peroneal and tibial nerves. The
tibial nerve divides into the posterior tibial and sural
nerves, which provide cutaneous innervation as outlined
in Figs. 28.1 and 28.2. The common peroneal nerve divides
into its terminal branches—the superficial and deep pero-
neal nerves—in the proximal portion of the lower leg. Their
cutaneous innervation is also illustrated in Fig. 28.2. Fig.
28.3 identifies the locations of these nerves in a cross-sec-
tional view at the level of ankle block.

Needle Puncture: General. 1 is often helplul (although
not necessary) to have the patient in the prone position
initially 1o facilitate block of the posterior tibial and sural
nerves. Once these two nerves have been blocked, the
patient assumes the supine position so that block of the
saphenous and peroneal nerves can be carried out. The
block can be performed with the patient in the supine posi-
tion if the lower leg is placed on a padded support, and this
pasition facilitates appropriate intravenous sedation.

Needle Puncture: Posterior Tibial Nerve. With the
patient in the prone position, the ankle to be blocked is
supported on a pillow. A 22-gauge, 4-cm needle is directed
anteriorly at the cephalad border of the medial malleolus,
just medial to the Achilles tendon, as shown in Fig. 28.3.
The needle is inserted near the posterior tibial artery and,
if paresthesia is obtained, 3 to 5 mL of LA is injected. If
paresthesia is not obtained, the needle is allowed to contact
the medial malleolus, and 5 to 7 mL of LA is deposited near
the posterior tibial artery.

Needle Puncture: Sural Nerve. The sural nerve is blocked
with the patient positioned as for the posterior tibial nerve
block. As illustrated in Fig. 28.3, the sural nerve is blocked
by inserting a 22-gauge, 4-cm needle anterolaterally imme-
diately lateral 1o the Achilles tendon at the cephalad border
of the lateral malleolus. The sural nerve (lateral ankle) is
found in a more superficial position relative to the malleolus
than is the tibial nerve (medial ankle). If paresthesia is not
obtained, the needle is allowed to contact the lateral mal-
leolus, and 5 to 7 mL of LA is injected as the needle is
withdrawn.

Needle Puncture: Deep Peroneal, Superficial Peroneal,
and Saphenous Nerves. After the patient assumes the
supine position, theanterior tibial artery pulsation is located
at the superior level of the malleoli. A 22-gauge, 4-cm needle
is advanced posteriorly and immediately lateral to this point
(see Figs. 28.3 and 28.4). An alternative is o insert the
needle between the tendons of the anterior tibial and the
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Ankle Block
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Fig. 28.2 Ankle block: peripheral innervation.

extensor hallucis longus muscles. Approximately 5 mL of
LA is injected into this area to block the deep peroneal
nerve. From this midline skin wheal, a 22-gauge, §-cm
needle is advanced subcutaneously laterally and medially
to the malleoli, injecting 3 to 5 mL of LA in each direction.
These lateral and medial approaches block the superficial
peroncal and saphenous nerves, respectively.

SONOANATOMY

Ankle blocks have a variable success rate because of the
variable positions of the nerves and multiple branches of
the superficial nerves. The tibial and deep peroneal nerves
supply deep structures of the foot and therefore must be
blocked beneath the deep fascia of the ankle. Under ultra-
sound guidance, these two nerves are hyperechoic bul
small and may be difficult to visualize or distinguish from
tendons; thus identifying the associated artery or muscle is
beneficial. The recommendation is to block these first since
subcutaneous injection of the superficial nerves can change
the appearance of structures under ultrasound. The remain-
ing nerves supply sensory innervation to the skin and can
be blocked superficially by making a circular wheal from
the lateral Achilles tendon to the medial Achilles tendon,
As a reminder, the distal end of the tibia forms the medial

malleolus, while the distal end of the fibula forms the lateral
mallealus of the ankle.

INDICATIONS

® Toe and metatarsal fool surgeries (amputation,
debridement, and podiatric surgery) that do not
require calf tourniquet pressure.

* It does not block the ankle itself.

® Preserves motor function of the leg, thus not
impacting postoperative ambulation,

TECHNIQUE

The ankle block can be done using anatomical landmarks
as described earlier in the chapter andfor under ultrasound
guidance. There are five nerves to the ankle, two that are
deep beneath the fascia of the ankle—tibial and deep pero-
neal nerves—and three superficial ones—sural, saphenous,
and superficial peroneal nerves. If the superficial/sensory
nerves are difficult to visualize under ultrasound, which is
not uncommon, block them subcutaneously, making a skin
wheal, using anatomic landmarks.

When performing the ankle block under ultrasound, the
patient can be positioned supine, with a foot rest or pillow
under the calf. While performing the block, the leg may
need to be rotated internally or externally, depending on
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Fig. 28.3 Ankle block: cross-sectional anatomy and technigue.

the nerve being blocked. It may be efficient for the proce-
duralist to walk around the foot as the block is performed.
The entire foot should be cleaned and a linear transducer
used. The needle can be in-plane or out-of-plane, depend-
ing on the patient’s position. These nerves are so small that
injecting 3 to 3 mL of LA per nerve is usually effective.

Tibial Nerve

Using a combination of anatomic landmarks, ultrasound,
and nevrostimulation (note plantarflexion of the toes) will
maximize the chance of a successful block. To block this
nerve, the foot may need to be externally rotated. A linear
ultrasound transducer (high frequency, 10-15 MHz) is
placed transversely just proximal/cephalad 10 the medial
malleolus. Behind the medial malleolus, identify the pos-
terior tibial artery (with or without the help of color
DDPP‘”’* and the nerve is posterior to the artery, about
halfway between the medial malleolus and the Achilles
tendon (Fig. 28.5). The nerve is hyperechoic, with a

honeycomb pattern. The tibialis posterior tendon, flexor
digitorum longus tendon, and flexor hallucis longus tendon
are also in the vicinity and can be distinguished from the
nerve by tracking the tendons and seeing them turn into a
muscle; they also move with ankle flexion (Video 28.1).

Deep Peroneal Nerve

‘The linear ultrasound transducer probe is placed trans-
versely/horizontally at the intermalleclar level of the
ankle, across the anterior surface of the tibia and extensor
retinaculum. The nerve is on the surface of the tibia and
lateral to the dorsalis pedis artery (also referred to as the
anterior tibial artery) the majority of the time, although
occasionally it is located medial to it (Fig. 28.6). It is a
small nerve and may be difficult to identify; thus LA injec-
tion around the artery may create enough contrast to
make the nerve visible. Another landmark is created when
dorsiflexing the toes, with the nerve lying between the
tibialis anterior tendon and extensor hallucis longus
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Fig. 28.4 Image of the (4) lateral and (B) medial ankle showing the course of the nerves in relation to arteries and veins,

tendon. LA is injected, 2 to 4 mL, on both sides of the
artery. From this landmark on the tibia, the needle can be
advanced laterally toward the lateral malleolus to block
the superficial peroncal nerve and then advanced medi-
ally toward the medial malleolus to block the saphenous
nerve. As the needle is moved, it should stay at the level
of the ankle, making an imaginary horizontal line across
the upper borders of both malleoli, while avoiding the
great saphenous vein (Video 28.1).

Superficial Peroneal Nerve

Under ultrasound guidance, the linear transducer probe is
placed transversely on the lower leg 5 to 10 cm above the
lateral malleolus. Although this nerve is hyperechoic, it is
small and may have already branched and be difficult to see
in the subcutaneous tissue superficial to the fascia. Thus the
probe may have to be moved cephalad, 10 to 20 ¢m from the
ankle along the anterolateral surface of the leg, to find the

Ankle Block -
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Fig. 28.5 Wirasound still of the tibial nerve and surrounding anatomy.

Depth 1.5 cm (right foot)

Lateral

Ultrasound stifl o the deep peroneal nerve and surrounding anatomy

nerve prior to ils division inte branches. The superficial pero
neal nerve can be visualized in the intermuscular sepial groove
ereated by the extensor digiorum longus and peroneus brevis
muscle (Fig. 28.7). At this level, the nerve is now deep to the
fascia but |:-':|:;_'| above the muscles, The perve can be blocked
at this level or traced back distally and blocked at the ankle

Again. the lincar transducer probe is placed transversely on
the lower leg. The saphenous nerve 15 best seen 10 10 15 ¢m
cephalad and anterior 1o the medial malleolus. It can be
tracked, traveling down the medial leg with the great saphenous
vein. A f..JiI':-:rLlr:luLl:u: can help increase the size of the vein, The
nerve is anterior 1o the saphenous vein and superficial 1o the
medial malleolus, If the nerve is difficult o identily on ultra-
sound, surround the vein with LA (Fig, 288, Video 28.1)

Sural Nerve

The lingar transducer probye is placed just cephalad w the lateral
mallecdus, and the nerve is near the small saphenous vein,
which can be easily compressedicollapsed by the pressure

exerted on the transducer by the proceduralist, ‘The nerve 1s

between the superior border of the lateral malleolus and the
Achilles wendon (Fig. 28.9). If needed, the nerve can be traced
along the posterior aspect of the leg, mudhne and super ficial 1o
the gastrocnemius muscles. A call tourniquet can also help
increase the sige of the vein, Similar o the :::n;:|:|r_"|'ml.|:1 nerve,
if the nerve is difficult to image, surround the ven with LA
(Video 28.1)

Patients should be adequately sedated during this
block because it is primarily a “volume” block
requiring several different needle insertions and
superficial injection of LA, which can be
uncomfortable. An alert patient is nol essential lor
the block.

¢ When injecting LA to block superficial nerves, make
sure 1o see a wheal 1o ensure that the needle is in
the correct superficial plane

-

Both the posterior tibial and deep peroneal nerves
are deep 1o fascia,

* When used for outpatient foor surgery, ankle block
allows most patients 1o walk with assistance, thus

facilitating earlier discharge from the surgery center,
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Retrobulbar
Peribulbar) Block

David L. Brown and Ehab Farag
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# The most common complication of the retrobulbar
block is hematoma formation, which can be mini-
mized by using a needle shorter than 31 mm or per-
forming a peribulbar approach.

s Sudden apnea may happen secondary to unexpected
spinal anesthesia—related to injection within the
optic nerve sheath,

& Additional block of the facial nerve is essential to
produce an immobile eye by blocking the orbicularis
oculi muscle.

This block is performed more often by ophthalmologists
than by anesthesiologists. The combination of retrobulbar
anesthesia and block of the orbicularis oculi muscle allows
most intraocular surgery to be performed. This regional
block is most useful for corneal, anterior chamber, and lens
procedures,

Patient Selection. Patients who require retrobulbar (per-
ibulbar) anesthesia are principally older patients who are
undergoing ophthalmic operations.

Pharmacologic Choice. If retrobulbar block is used, 2 1o
4 mL of local anesthetic is all that is required o produce
adequate retrobulbar anesthesia. Conversely. if the peribul-
bar approach is chosen (i.c., the needle tip is not purposely
inserted through the cone of extraocular muscles), slightly
larger volumes—4 1o 6 mL—may be necessary. Almost any
of the local anesthetic agents are applicable, with many
ophthalmic anesthetists using combinations of bupivacaine
and hdocaine.

Anatomy. Sensation 1o the eye is provided by the ophthal-
mic nerve through the long and short posterior ciliary
nerves. Autonomic innervation is provided by the same
nerves, and sympathetic fibers traveling with the arteries
and parasympathetic fibers carried by the inferior branch
of the oculomotor nerve provide additional awonomic
innervation. Because the innervation of the orbicularis
oculi muscle is through the facial nerve, blockade of these
fibers is required to ensure a quiet eye during ophthalmic

aperations. The ciliary ganglion, measuring approximately
2o 3 mm in length, lies deep in the orbit just lateral to the
aptic nerve and medial to the lateral rectus muscle, From
this ganglion, the long and short ciliary nerves extend
forward in the orbit. immediately posterior to the ciliary
ganglion, the ophthalmic artery can be found at the lateral
side of the optic nerve as it crosses superior to it and passes
forward medially (Fig. 29.1]).

Position. Patients are placed in the supine position and
are instructed to maintain their primary gaze directly
ahead, not "up and in.” as in earlier recommendations. With
the globe in primary gaze, the oplic nerve position mini-
mizes potential intraneural injection. The anesthesiologist
is positioned for the injection as illustrated in Fig. 29.2.

Needle Pupcture, While the patients gaze s directed
cephalad and opposite to the site of injection, a 27-gauge,
31-mm sharp-beveled needle is inserted at the inferolateral
border ol the bony orbit and directed toward the apex of
the orbit, as illustrated in Fig. 29.3. The needle should be
oriented so that the bevel opening faces toward the globe,
A “pop” may be appreciated as the needle tip traverses the
bulbar fascia and enters the orbital muscle cone. Before 2
to 4 mL of local anesthetic is injected, carelul needle aspira-
tion should be carried out. After retrobulbar block, 5 to 10
minutes should be allowed to pass before the operation is
started. This helps avoid operating on patients who develop
retrobulbar hematomas. During these 5 to 10 minutes, the
anesthesiologist can apply gentle pressure to the globe, prin-
cipally to facilitate lowering the intraocular pressure. If a
peribulbar technique is chosen, needle insertion begins like
that used for retrobulbar {inferotemporal) injection;
however, the operator inserts the needle parallel and lateral
to the lateral rectus muscle and bulbar fascia, rather than
making an effort to puncture it. Many practitioners also
now suggest making a second injection of 3 to 5 ml for a
peribulbar block either in the superomedial orbit or at the
extreme medial side of the palpebral fissure. To complete
the local block for ocular surgery, the orbicularis oculi
muscle must be blocked to produce an immaobile eye. This
is carried outl by blocking the facial nerve fibers that inner-
vate the muscle.

There are many ways of performing blocks of these facial
nerve fibers, and the method illustrated in Fig. 29.4 is the
example of the van Lint block. In this block, a 25-gauge,
4-cm needle is inserted at needle position 1 until the lower
inferolateral orbital rim is reached. When the needle tip
contacts the bony surface, | mL of local anesthetic is
injected. Through this skin wheal, the needle is repositioned
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Fig. 29.1 Orbital anatomy.

Fig. 29.2 Retrobulbar (peribulbar) block: position,
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Fig. 29.5 Orbital functional anatomy.

along the lateral and inferior margins of the orbit (needle
positions 2 and 3), and 2 to 3 mL of local anesthetic is
injected along each needle path.

POTENTIAL PROBLEMS

The most common complication with retrobulbar block is
hematoma formation. This can be minimized by using a
nieedle shorter than 31 mm. Hematoma formation is more
iikely if a longer needle is used and the needle tip rests in
the vicinity of the ophthalmic artery as it crosses the optic
nerve, Hematoma can also be minimized by using a perib-
uibar approach. Other complications that can accompany
retrobulbar block include local anesthetic toxicity, develop-
ment of the oculocardiac reflex, and cases of sudden apnea
end ohtundation after retrobulbar injection. The latter two

results are probably related to injection within the optic
nerve sheath, resulting in unexpected spinal anesthesia, or
intravascular injection affecting the respiratory centers in
the midbrain, as illustrated in Fig. 29.5.

PEARLS

If anesthesiologists carry out retrobulbar anesthesia, they must
work with ophthalmologists who are supportive and willing 1o
share this part of their practice. Theoretically, many of the
complications of retrobulbar anesthesia can be avoided il a
peribulbar block is carried out. This can be produced by
placing the needle along the muscular cone of extraocular
muscles, rather than within the muscular cone. Although
slightly larger volumes of local anesthetic are required with this
technique, most of the major complications can be avoided.



Cervical Plexus Block

Aaron Hawke and Samantha Stamper

Kev Points

e f high-treguency transducer is preferred for this
block dee to the shallow nature of the cervical
nlexus

e This anpioach is for the superficial and intermediate
cervica! pilexus nerve blocks, which aim to spare the
motor components and avoid serious complications
that are more associated with the deep cervical
plexus hlock,

® This block can be used for surgeries such as a carotid
endarterectomy, thyroid and superficial neck surgery,
lymph node dissection, vascular access surgery, and
excision of thyroglossal duct cysts or brachial cleft
cysts.
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The cervical plexus, which originates from the anterior
rami of the cervical vertebrae 2 to 4, provides sensory
innervation to the ipsilateral neck, jaw, occiput, and ante-
rior supraclavicular area (Fig. 30.1). It begins at the level of
the first cervical vertebra, anterior to the levator scapulae
and middle scalene muscles, before piercing the platysma
muscle near the posterior border of the sternocleidomas-
toid muscle. The cervical plexus divides into four terminal
cutaneous branches: the lesser occipital nerve, greater
auricular nerve, transverse cervical nerve, and supracla-
vicular nerve (Fig. 30.2). Before the cutaneous branches,
the cervical plexus also divides to supply motor innerva-
tion to the phrenic nerve, the ansa cervicalis (innervation
to the geniohyoid and infrahyoid muscles), components of
the accessory nerve to sternocleidomastoid and trapezius
muscles, and direct branches to the prevertebral muscles of
the neck. The location of the division of the motor and
sensory components is at the posterior border of the ster-
nocleidomastoid. The [ascia planes at this location allow for
selective sensory blockade without compromising the neck
and accessory muscles. Several authors use these planes to
divide the cervical plexus block into superficial, intermedi-
ate, and deep blocks. This chapter focuses on the superficial
and intermediate cervical plexus blocks, neither of which
have been associaled with the degree of motor blockade or
the complication rate that is seen with the deep block. The
technique to correctly place a superficial or intermediate
cervical plexus block is easy and safe, and provides most

anesthetic goals. For either block technique, local anes-
thetic (LA) is injected above the deep cervical fascia.

The posterior border of the sternocleidomastoid muscle
should be located. This can be a challenge in obese patients.
For those in whom identification of the sternocleidomas-
toid muscle is difficult, asking the patient to raise their head
off the bed can help identify the muscle belly. Drawing a
line between the mastoid process and the clavicular head
of the sternocleidomastoid can also identify the posterior
border. Halfway along this line approximates the fourth
cervical vertebra and the site of injection.

Using ultrasound, with the patient in a supine or sitting
position, the head is turned slightly away from the operative
site. With the probe in a transverse short-axis position, a
small collection of nodules are identified (dark owval struc-
tures) deep to the sternocleidomastoid border at the pos-
terior border of the halfway point of the sternocleidomastoid
{(Fig. 30.3). The target nerves lie above the prevertebral
fascia. Attention is given to avoid injection below the pre-
vertebral fascial plane in order to avoid a motor block. LA
is injected between the cervical and prevertebral fascia to
achieve an intermediate block, while injection above the
cervical fascia and below the posterior border of the ster-
nocleidomastoid will result in a superficial block. Local
permeation along the nerve fibers into the intermediate
space may explain the similar reported efficacy between
these two blocks. By advancing the needle in an in-plane
fashion, approximately 5 to 10 mL can be used for either
block following careful aspiration (Fig. 30.4A.B). In the
illustration, the needle passes lateral to the sternocleido-
mastoid muscle to pierce the cervical fascia in the interme-
diate approach, but it does not penetrate below the deeper
prevertebral fascia for either approach. Classically, the
superficial block is performed without ultrasound but by
using a superficial, fanning-needle injection just below the
border of the posterior sternocleidomastoid (Video 30.1).

POTENTIAL PROBLEMS

The risk of complications is highest with deeper LA infiltra-
tion. Care must be taken to avoid inadvertent vertebral or
carotid artery injection, which increases the risks of hema-
toma formation and LA toxicity. Spinal anesthesia is a
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Fig. 30.1 A reprasentation of the sensory distribution of the
cenicyl plasus,

Fig. 30.2 The anatomy of the cervical plexus is seen as it
emerges from the posterior border of the sternocleidomastoid

muscle,
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potential complication arising from inadvertent injection deep cervical plexus block is considered an
into the dural sleeve, Motor blockade of the phrenic nerve atvanced procedure and can have serious or even
must be considered in patients with respiratory compri- life: thireatening complications.
mise. Complications are exceedingly rare with superficial o Uinushization of the cervical plexus is not required
and intermediate cervical plexus blocks, and direct ultra frir & succesdul block placement. Proper
sound visualization of the plexus helps to ensure safe and sebentlication of the posterior border of the
effective injection. steennst beidomastoid and injection immecdiately

prvstering o this muscle will result in a successful

Bk,
_ o If identification of the fascial planes proves

diffscult near €A, seanning caudad 1o the level of
* The blocks described are very useful and casily the sixth cervical vertebra may elucidate tissue
pertormed, even withaut ultrasound; however, the planes,



Cervical Plexus Block

Fig. 30.3 Proper positioning of the patient showing the preferred
technique to perform a right-sided cervical plexus block.
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Fig. 30.4 (A} A comparison of an actual ultrasound image and (B) an illustrated example.



Greater Occipital
Nerve Block

Dmitri Souza, John Das, and Christian Seif
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Greas er cccipital nerve block (GONB) can be used to
treat acute severe migraines.

o [t alic can be beneficial for treating acute episodes
o exacerbations of chronic occipital neuralgia, cer-
vieogenic headaches, cluster headaches, and some
other primary and secondary headache disorders
such as postdural puncture headaches and posttrau-
matic headaches.

« GOMB typically provides rapid pain relief that lasts
hours to days or even weeks to months.

e GOMNE can be utilized as a diagnostic tool for occipital
neuralgia.

¢ The evidence of occipital nerve blocks’ utility for
stable chronic headache disorders is limited.
However, there are reports of successful GOMB for
patients with trigeminal neuralgia, hemicrania conti-
nua, and new daily persistent headache.

e GOMB can be done using anatomical landmarks at
the level of the occipital ridge, but ultrasound guid-
ance is recommended. The procedure is relatively
easy to perform and usually well tolerated.

* GONB works on nociceptive afferent fibers distrib-
uted over the upper neck and head, including the
frontal area.

* GONB is exceptionally safe if performed correctly.
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Headache disorders, especially migraine headaches, are
exceedingly prevalent in the population and can negatively
impact a patient’s function, interactions, and overall quality
of life. GONB has increased in popularity as a treatment
for acute episodes or exacerbations of primary and second-
ary headaches. Specifically, GONB can be used for migraine
headaches (including status migrainosus), cluster head-
aches, and occipital neuralgia (as a primary condition or
secondary to entrapment neuropathy of the greater occipi-
tal nerve [GON]). GONB was utilized to treat trigeminal
neuralgia, hemicrania continua, postdural puncture head-
ache, new daily persistent headache, and posttraumatic
headache. GONB can help with the Weaning process in
patients with medication overuse headaches and for

patients experiencing polypharmacy. It can also be consid-
ered in patients with limited pharmacological options,
including geriatric patients and pregnant women. Detailed
cvaluation of nisks and benefits and special informed
consent are of utmost importance prior to performing an
cccipital nerve block

The analgesia experienced by patients after GOMNB is
thought to be due to an effect on E'l:,'ri]'l]n:r;l.| and central
pain modulation resulting from the blockade of nociceptive
afferent fibers distributed over the upper neck and head,
including the frontal area. GONB typically produces rapid
analgesia that lasts hours to days or even weeks to months
at times. It is [requently used in patients not responding to
more conservalive treatment such as pharmacologic mea-
sures, GONB can also be unlized as a diagnostic tool for
cecipital neuralgia.

Contraindications to GONB are infections at the injec-
tion site. It should also not be performed on patients with
known allergies to local anesthetics (LAs) or steroids if they
are planned to be used. The presence of an occipital nerve
stimulator is not a contraindication for the GONB, However,
x-ray is recommended to locate the device before the nerve
block to avoid contact of the needle with the leads and/or
receiver. Anticoagulation or antiplatelet therapy conven-
tionally 15 not a contraindication for GONEB,

Patients with previous mastoidectomy or craniotomy
may be left with skull defects. GONB performed using
landmark technique is contraindicated in these patients.
However, GOMNBE can be done for patients with previous
head surgery using real-time ultrasonography.
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The GON originates from the dorsal primary ramus of the
second cervical nerve root. It emerges underneath the infe-
rior oblique muscle and then rises 1o meet the semispinalis
capitis muscle. [t runs across the muscles over the neck and
posterior occiput, including the trapezius muscle and its
aponeurosis. The GON then runs upward and can be iden-

tified roughly 2 em laterally to the superior nuchal line.
Then GOM turns laterally and toward the vertex. The occip-
ital artery can be detected medial 1o the GON.

It innervates mainly the posterior occiput but also gives
branches to the sides of the head and travels up to the vertex.
Two smaller nerves also contribute to the innervation of the
posterior and lateral head, including the lesser occipital nerve
{located lateral to the GON) and the third occipital nerve,
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A, Inferior oblique muscle

B, GON at the level of C2

C, Axis

D, Cccipital Artery

E. GON at the level of the ocoipital protuberance

Fig. 31.1 Grealer occipital nerve (GON) anatomy.

typically situated medial 10 the GON. The frequent sites of GON
entrapment include areas of GON penetration of semispinalis
capitis and trapezius (including its aponeurosis) (Fig, 31.1)

TECHNIQUES

Conventionally,a 5- to 10-mL syringe and a 25- 1o 27-gauge,
3-4 cm needle are prepared to inject 1 to 10 mL of the
anesthetic solution alone (the volume depends on the tech-
nique) or its mixture with a corticosteroid to prolong the
therapeutic effect of the GONB. Either 1% lidocaine or
0.5% bupivacaine is used. Nonparliculate corticosteroid is
recommended to avoid possible embolization of small
vessels with corticosteroid particles. We suggest using 25 to
125 mg of methylprednisolone or 3 to 5 mg of dexametha-
sone. The half-life of methylprednisolone and dexametha-
sone is similar: 18 to 36 and 36 to 54 hours, respectively,
although the value of adding corticosteroids to the injectale
for the GONB remains the subject of debate.
The patient is situated in a sitling or prone position and has
1o communicate any unexpected sensations during the proce-
dure. We do nol recommend sedation for this procedure. An
absence of light touch in the dermatome of the blocked nerve
followed by an analgesic effect indicates the procedure’s success.
The GONB can be done blindly based on anatomic land-
marks, or with real-time ultrasonographic guidance. We
recommend ultrasound guidance for proper needle
advancement while avoiding vessels and other nerves 1o
decrease the risk of complications.

LANDMARK-BASED TECHNIQUE

Landmark-based GONB technique was commonly used in
the past. The occipital artery should be palpated in the

Qecipital
Protuberance

Injection sile for
Lessar Occipital Nerve

Inpection site for Mastoid process

Greater Occipatal Nerve

Fig. 31.2 Landmarks for the anatomy-based GONB. A, Inferior
oblique muscle; B, GON at the level of G2; C, axis; D, occipital
artery; E. GOM at the level of the occipital protuberance,

occipital area. If it is not easily palpated in the back of the
head, it can be found caudal to the superior occipital pro-
tuberance, about 1 to 1.5 inches laterally to the midline. The
GON is commonly situated medial to the occipital artery
at the level of the occipital protuberance, around 0.8 inches
laterally to the midline (Fig. 31.2).

Tenderness, or possibly headache on palpating this
area, may help to guide the GONB. Depending on the
patient’s symptoms, the GONB can be done unilaterally
or bilaterally. It is recommended to palpate the occipital
arlery prior to creating a skin wheal with LA to avoid
trauma or injection to the occipital artery, Make sure that
the needle is placed medially to the pulsating occipital
artery. A 7 to 10 mL volume of the injectale may be
required when performing a GONB without ultrasono-
graphic guidance because of the variations in the anatomy
of the GON.

With the blind injection technique, the needle is
advanced toward the periosteum until the bony perios-
teum is encountered or the patient reports paresthesia.
Injection into the periosteum will likely make the patient
quite uncomfortable. To avoid that, the needle has to be
withdrawn gently. After negative aspiration, an LA, with
or without corticosteroid, should be injected into the
detected tender point. Additional injections can be done
in a fanlike fashion. They likely will produce a field block
that likely would contribute to the injection’s benefit. Some
of the third occipilal nerve and lesser occipital nerve
branches also likely will be blocked with a field block
because of their proximity to the GON (Fig. 31.3).
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The GON, surrounding fascial planes, muscles, and vessels
can be accurately located with ultrasound, and it helps to
visualize the size of the nerve, The increased cross section
of the GON may indicate neuritis secondary to entrap-
ment. Therefore real-lime ultrasonography can reveal the
entrapment of the GON in the muscles or fascia and com-
pression by the vessel, a mass, or anything else. In addi-
tion, ultrasonographic guidance helps to visualize the tip
of the needle during the advancement toward the nerve
and allows visualization of the injection and the injectate.
In our assessment, utilizing ultrasenography for GONB
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Fig. 31.3 Greater occipital nerve block (GONE) using the
anatomic landmark technigue. The patient is in the Sitting or
prona pasition. Palpate the occipital artery in the occipital area.
If it is not easily palpated in the back of the head, it can be
found caudal to the superior accipital protuberance, about 1 1o
1.5 inches laterally to the midline. Please note that the GOM is
commeonly situated medially to the occipital artery at the level of
the occipital protuberance, argund 0.8 inches laterally from the
rmadfhim,

can contribute to safer and more eflective interventions.
Ultrasound-guided GONB can be done at the same level
as the landmark-based technique or lower, at the C2 level
{(Fig. 31.4). Ultrasound-guided GONE is typically done
with the patient in a prone or sitting position, with the
head and neck flexed. An ultrasound transducer is set in
the midline to locate the external occipilal protuberance.
Then it should be placed caudally to identify atlas and
axis. Then the ultrasound transducer should be moved
laterally to identify the inferior obliquus capitis muscle. It
is on Lop of this muscle that the GON lies, typically in the
fascial plane between the inferior obliquus capitis muscle
and the semispinalis capitis muscle (Fig. 31.5).

The ultrasonographically guided GONB can be per-
formed using either out-of-plane or in-plane techniques. It
is important not to advance the needle if the tip is not seen,
Hydrolocalization or other needle visualization technigues
can be used to localize the lip of the needle. Alter negative
aspiration, | to 3 mL of the injectate is injected around the
nerve (but not in the nerve) or another target, including
the surrounding muscles.

The fact that the occipital nerve is located near vital ana-
tomical structures (such as the vertebral artery, arachnoid
space, and spinal cord) creates the opportunity for potential
complications. Nonguided GONB has a complication rate

Fig. 31.4 GOME using real-time ultrasonography technique. The
patient is in the sitting or prone pasition. The biue arrow
highlights the orientation of the ullrasound probe for the GONB
wilh ultrasound guidance.

of 9% to 16%. with complications including gait instability,
numbness, dizziness, and pain.

Scalp necrosis, hyperpigmentation, lipodystrophy, hair
loss, and hair discoloration can happen with unintentional
intraarterial injection of LA or corticosteroid, especially
with a particulate corticosteroid such as triamcinolone. This
may occur, however, even without intraarterial injection.

Patients whao have had posterior or lateral cranial surgery
have decreased protection of the skull and should not
undergo the landmark-based procedure. However, ultraso-
nography-guided injections can typically be safely per-
formed. Longer monitoring times of the intervention
should be offered for these patients.

Pain from injection in or around the periosteum is a
common observation with the landmark-based technique.
Ultrasound-guided GONB has been associated with
reduced postprocedural pain scores,

Local myotoxicity has  been
bupivacaine.

Patients receiving corticosteroids, either orally or as
frequent injections, are at risk for developing adrenal
insufficiency or Cushing syndrome. Physicians should ask
patients actively about the use of corticosteroids because
they frequently do not report this before the procedure.

Risks, benefits, and alternatives to the GONB should be
discussed in detail with pregnant women.

GONB should not be done in patients with a history
of allergic reactions to the LA of the same class as the
planned injectate to avoid anaphylactic reaction.

The possibility of these potential complications should
be discussed with the patient in advance, and detailed
informed consent should be obtained.

deseribed  with
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Fjg. s Ultrnsuund-gl..uded GOME. [A:I Inral wltrasound prabe pﬂsitll:ln_ midhne at the external occipital protuberance (arrow) {B:I The
ultrasound fransducer should be moved caudally untid the bifid spincus process is seen (arow). {C) The lamina of C2 should be
visualized {arrow). (D) Arow points toward injectate around the GOM in the fascial plane between the semispinalis capitis muscle (S5C)
and the infericr oblique muscle (OM). SC, Splenius capitis muscle; TM, trapezius muscle.

=z : | * The GONB can be performed for patients on

antiplatelet or anticoagulation therapy. Pressure

+ Hydrolocalization, rotation of the needle tip's bevel, flml.:]q.l be ap.l'jl;c;itE.u.dpllﬂ-?"-l h{jr\n;nmtm production
WL T 1-:q:i1:1iqu::5 G e hinicid nandle In patients with bleeding disorders or on
visualization can be utilized during
ultrasonographically guided GONB. The needle
should not be advanced without real-time
visualization of the tip.

anticoagulation.
* A detailed discussion of risks, benefits, and
allernatives to GONB is of utmost importance.

* Another needle visualization technique, wiggling the
needle, should be avoided because it likely would be
very uncomfortable for the patieni.



Stellate Ganglion

Block

Vicente Roqués-Escolar and Ana Isabel Sanchez-Amador

r treatment or diagnosis of complex regional
as well as upper limb vascular

syndromeas,

& Ultrasound allows for a more effective and precise
syrmpathetic block.

= Long-lasting local anesthetics with steroid are com-
monly used.

e The C7 transverse process and longus colli muscle
must be located with a high-frequency linear trans-
ducer (6—13 MHz).

¢ The needle should be directed in-plane from lateral
to medial toward the prevertebral fascia located
over the longus colli muscle and below the carotid
artery.

e A total of 5 mL of local anesthetic is then injected,
with real-time visualization of spread, avoiding intra-
vascular injection,

|
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This is also called a cervicothoracic sympathetic block and
has been used since the 1920s for treatment or diagnosis of
complex regional syndrome. It has also been used to treat
refractory angina, phantom limb pain, vascular insuth-
ciency, and other pain and vascular syndromes.

Stellate ganglion blocks raditionally have been performed
Blindly by palpating the anterior tubercle of the transverse
process of C6 (Chassaignac tubercle) and infiltrating as
much as 20 mL of local anesthetic. This method has a rela-
tively high failure rate, with numerous signihcant and even
potentially fatal adverse effects.

Ultrasound allows for a more effective and precise sym-
pathetic block, with the use of a small injectate volume. It
may also improve the safety of the procedure by real-time
visualization of vascular structures and soft lissue
structures.

Table 32.1 describes indications for the stellate ganglion block.

Pharmacologic Choice. Even during diagnostic use of
the stellate ganglion block, it is often desirable to produce
a long-lasting block. Therefore a solution of 0.25%

bupivacaine or 0.2% ropivacaine with epinephrine is often
used. Steroid coadjutants are frequently added in this
technigue.

Thermal and pulsed radiofrequency have been success-
fullv used in some cases and can be considered an option
ut the treatment of these patients to prolong the effects of
the blockade.

AGENEN:T

Anatomy, The sympathetic chain is each of the pair of
ganglionated longitudinal cords of the sympathetic nervous
system, situated on either side of the vertebral column, The
sympathetic trunk travels from the base of the skull 10 the
coccyx, just lateral to the vertebral bodies. The cervical
portion of the chain extends [rom the base ol the skull to
the first rib. below which it becomes continuous with the
thoracic part of the chain. In the neck, the cervical sym-
pathetic chain lies embedded in the deep fascia between
the carotid sheath and the prevertebral layer of deep fascia.
The cervical sympathetic chain is composed of three
ganglia: the superior cervical ganglion, immediately below
the skull; the middle cervical ganglion, at the level of
carotid cartilage; and the inferior cervical ganglion,
between the first rib and the transverse process of the
seventh cervical vertebra, In most people, the inferior cer-
vical ganglion is fused with the first thoracic ganglion and
forms the stellate ganglion (Fig. 32.1).

Table 32.1 Indications for the Stellate
Ganglion Block

Pain syndromes Vascular insufficiency

Complex regional pain Raynaud syndrome
syndrome of the head and
upper limbs

Refractory angina Scleroderma

Phantom limb pain Frostbite

Herpes zoster Obliterative vascular disease
Vasospasm
Trauma
Emboli

Imtractable angina Hyperhidrosis

Refractory cardiac arrhythmias
Posttraumatic stress disorders
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Superior
cervical ganglion

Longus colli m.
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Thyroid gland
Recurrent laryngeal n,
Intarnal jugular v.
Carotid a.
Sympathetic trunk
Anterior scalena m.
Middie scalens m.

Longus colli m.

Fig. 32.1 (A) Steliate ganglion block: sympathetic chain anatomy. (B) Cross-secticnal anatomy at C7 level.

Position. The patient is placed in the supine position,
with the neck slightly extended and the head rotated slightly
to the opposite side of the block. This is often facilitated by
removing the patient’s pillow before positioning.

Ultrasound-Guided Injection Technique. A high-fre-
quency linear transducer (6-13 MHz) is placed at the level
of C6 10 allow visualization of the anterior and posterior
tubercle of the transverse process. At that level, the longus
colli muscle, prevertebral fascia, carotid artery, and jugular

vein, as well as th}'mid g]ﬂnd, trachea, and L'SU]}h:‘IELIE. musl
be located clearly.

The transducer is displaced slightly caudally until the C7
Iransverse process is located, witha single posterior tubercle
and its root in oval form giving origin to the middle trunk.
At that point, the vertebral artery and vein must clearly be
identified. Color Doppler should be used to detect the posi-
tion of the vessels.

For the lateral approach over this scanning plane, the
needle should be directed in-plane from lateral 1o medial
toward the prevertebral fascia located over the longus colli
musdq_' al!ld hfiﬂl‘-‘i’thﬂ ca rotid arlery {Flg. 322}_ ﬁﬁernsp'"n,_
tion, 5mlL ol a local anesthetic is injected until the fluid
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Fig. 32.2° Ultrasound-guided stellale ganglion block. (A) Transducer positicn and needle insertion point. Axial cross section over G7
level. (B) Scnoanatomy for ultrasound-guided stellate ganglion approach.
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spreads along the paravertebral fascia to the stellate gan-
glion (Video 32.1).

POTENTIAL COMPLICATIONS

Complications have been described due to malposition of
the needle:
* Hematoma caused by carotid, jugular, or
vertebral artery trauma,
* Neural injury in case of vagus or brachial plexus
rool trauma.
Complications due to the spread of local anesthetic:
* [Intravascular injection.
* Meuraxial or brachial plexus spread.
* Phrenic nerve or recurrent laryngeal nerve palsy.
* Infection caused by esophageal perforation or
meningitis.

® Possible postprocedural eflects should be explained

to the patient, including ptosis, miosis, blurred
vision, enophthalmos, anhidrosis, facial and
conjunctival flushing. upper extremity numbness or
weakness and sense of dyspnea, dysphagia, or a
lump in the throat,

It is crucial to identify potential dangerous
structures such as the vertebral artery and vein,
esophagus, trachea, and brachial plexus roots prior
to puncture.

A constant and real-time view of the needle
trajectory and distribution of the local anesthetic
over the longus colli muscle should be maintained ai
all times.



Airway Block
Anatomy

Adrway blocks involve three specific cranial nerves: the
trigeminal (CN I, the glossopharyngeal (CN 1X), and the
vagus (CN X) (Figs. 33.1 and 33.2}. Any procedures related
to the nasal cavities, such as nasal intubation, will involve
dealing with the branches of the maxillary division of the
trigeminal nerve. Procedures related to the pharynx and
posterior third of the tongue must consider the involve-
ment of the glossopharyngeal nerve. This would include
sensory nerves to the pharyngeal mucosa, nerves supplying
the tonsillar region and paris of the soft palate, and nerves
to the posterior third of the tongue. Any procedures distal
to the epiglottis will require blocking branches of the vagus
nerve. Branches of this nerve would include those supply-
ing sensory fibers from the epiglottis past the vocal cords
to the upper trachea and include muscles in this region.

TRIGEMINAL NERVE

The trigeminal nerve {CN V) is the major sensory nerve ol
the head and innervates muscles that move the lower jaw.
Before exiting the cranial cavity, it divides into the ophthal-
mic nerve, the maxillary nerve, and the mandibular nerve
(Fig. 33.3A.B). The ophthalmic nerve exits the cranial
cavity and enters the orbit through the superior orbital
fissure. This nerve provides sensory innervation to various
structures in the orbit, upper portion of the nasal cavity,
upper eyelid, dorsum of the nose, and the anterior part of
the scalp (Fig. 33.4). The maxillary nerve exits the cranial
cavity through the foramen rotundum. It provides sensory
innervation to the nasopharynx, palate, nasal cavity, teeth
in the upper jaw, maxillary sinus, and skin covering the
middle portion of the face, cheek, and upper lip (Fig. 33.4).
The mandibular nerve exits the cranial cavity through the
foramen ovale and enters the infratemporal fossa. Motor
fibers innervate the muscles of mastication, while sensory
fibers innervate the lower part of the face, anterior portion
of the ear, anterior two-thirds of the tongue, and teeth of
the lower jaw (Fig. 33.4),

Richard L. Drake

attempted, the maxillary branches of the trigeminal nerve
must be blocked (Fig. 33.5A,B).

The glossopharyngeal nerve (CN [X) carries a variety of
functional components. For this discussion, the sensory
fibers are the mosi relevant. This nerve exits the cranial
cavity through the jugular foramen (Fig. 33.6) and provides
sensory innervation lo the posterior third of the tongue,
palatine tonsils, oropharynx, middle ear, and mastoid air
cells (Fig. 33.7).

AL NERVE

CLINICAL CORRELATIONS

Glossopharyngeal Block

This block is used for procedures involving the posterior
third of the tongue, preventing the gag reflex, and the
mucesa in the tonsillar region of the pharynx and soft
palate. It can be administered either intraorally (Fig. 33.8)
or externally, near the styloid process (Fig. 33.9A.B).

The vagus nerve (CN X) also carries a variety of lunclional
components. For this discussion, the sensory and motor
fibers are the most relevant, This nerve exits the cranial
cavity through the jugular foramen (Fig. 33.6) and provides
sensory innervalion through the superior laryngeal nerve
to the mucosa from the epiglottis to the vocal cords (Fig.
33.10). This nerve also innervales the cricothyroid muscle,
Similarly, the recurrent laryngeal nerve provides sensory
innervation to the larynx and trachea below the vocal cords
(Fig. 33.11) and some motor innervation to muscles in the
tongue, soft palate, pharynx, and larynx.

CLINICAL CORRELATIONS

CLINICAL CORRELATIONS

Upper Airway Block

The upper airway is regarded as the airway associated with
the nasal cavity. Therefore if a nasal intubation is to be

Superior Laryngeal Block

In this block, the superior laryngeal nerve is reached at the
lower border of the hyoid bone, providing airway
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Fig. 33.1 Granial nerve innervation of the upper airways.

anesthesia (Fig. 33.10). Affected areas will reach from the nerve. Injection through the cricothyroid membrane
epiglottis to the level of the vocal cords (Fig. 33.12). allows the solution to spread over the tracheal region and
“coughed” onto the more superior laryngeal areas (Figs. °

Tral"lﬂal"fngﬂal Block 33.13 and 33.14, Video 33.1).

This block is used to provide numbing to the laryngeal and
tracheal mucosa innervated by branches of the vagus
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Fig. 33.2 Cranial nerve innervation of the middle airwvays.
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thyrohyoid membrane for blocking the deep branch of supenor lanyngeal nerve.
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Glossopharyngeal

Block

Ehab Farag, Michael Chepanoske, and Stefan Trela

Key Points

* Glossopharyngeal nerve (GPN) block is crucial to
block the gag reflex during the awake fiberoptic
intubation.

= GPN block is very helpful in the treatment of chronic
nonmalignant and malignant pain in the oropharynz,
tongue, and the upper airway.

* GPM block could be used in the treatment of Eagle
syndrome,

* Ultrasound-guided GPN block is wvery helpful to
ensure the success and the safety of the block.

The patient will be placed in the supine position with the
head turned to the contralateral side from the side to be
blocked. A line will be drawn between the mandibular angle
and the tip of the mastoid process. Another line will be
drawn 1.5 cm above the posterior edge of the mandibular

angle to the tip of the mastoid process. The linear high-
frequency probe will be placed on the second line to visual-
ize the styloid process. The scanning sequence will be
parallel to the second line, moving up and down 10 visualize
the styloid process. Color flow Doppler will be used 1o
identify the internal carotid artery and the internal jugular
vein below or behind the styloid process. A 22-gauge needle
will be directed using the in-plane approach under ultra-
sound guidance from posterior into anterior direction
{mastoid 1oward mandibular angle). Once the needle tip
gets in contact of the styloid process, it walks off the process
to reach its back, After careful aspiration, 1.5 mL of lido-
caine 2% will be injected (Figs, 34.1 and 34.2).

® ‘The in-plane technique is the preferred technique to
visualize the needle and 1o avoid inadvertent
vascular injection.

e Walking off the stvloid process is very helpful to
ensure a successful block,
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Fig, 34.1 Analomy of the glossopharyngeal nerve. Note the position of the ulirasound probe between the mastoid process and the
angie of the mandible.




Superior Laryngeal
Nerve Block

Ehab Farag, Michael Chepanoske, and Stefan Trela

Key Paints

e The bilateral block of the internal branch of the supe-
rior laryngeal nerve is very helpful for awake fiber-
aptic intubation.

e The hyperechoic hyoid bone, thyroid cartilage, and
thyrohyoid membrane are important landmarks for
the block.

ANATOM! =]

The bilateral internal branch of the superior laryngeal
nerve block can be used to obtain airway anesthesia. The
superior laryngeal nerve arises from the vagus nerve. A
the greater horn of the hyoid bone, it divides into external

Inferior ganglion
of vagus nerve

Superior
laryngeal nerve

Internal branch

External branch

and internal branches. The internal branch provides sensory
innervation of the mucous membranes of the larynx above
the level of the vocal cords and the base of the tongue and
epiglottis. The internal branch passes inferior to the greater
horn of the hyoid bone and pierces the thyrohyoid mem-
brane. The external branch provides motor supply to the
cricothyroid muscle (Fig. 35.1).

TECHNIQUE AND SONOANATOMY

The internal branch of superior laryngeal nerve passes into
the larynx through the hyperechoic thyrohyoid membrane,
which is located between the hyoid bone cephalad and the
thyroid cartilage caudally. Both structures appear as hyper-
echoic structures on ultrasound.

Greater cornu
hyoid bone

Opening lor internal branch

ol supenor laryngeal nerve
in thyrohyoid membrane

H— Thyrodd canilage

b
= Cricoid cartilage

Fig. 35.1 Anatomy of the superior laryngeal nerve.
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A linear high-resolution probe (1215 MHz) is placed
on the midline in the submandibular area to visvalize
the hyoid bone and the thyroid cartilage. The probe is
then moved laterally to visualize the larynx hypoechoic
thyrohyoid muscle (inserted on the hyoid bone and
passing over the thyroid cartilage) and the hyperechoic
thyrohvoid membrane. The thyrohyoid membrane
appears hyperechoic due to the air-mucosa interface
between the hypoechoic preepiglottis space, the luminal
surface, and the superficial mucosae of the larynx. A
22-gauge needle can be inserted using the out-of-plane
technique to the probe through the thyrohyoid mem-
brane on both sides. A 1.5 mL volume of lidocaine 2%
can be injected on each side after careful aspiration
(Fig. 35.2).

i pair]

PE RRLS

* If the nerve is not visualized, the easiest way to
block is to inject the local anesthetics beneath the
thyrohyoid membrane.

* The out-of-plane approach is the preferred method
for the block.

* Using small footprint linear probe is helpiul,
especially in patients with short necks.

Suggested Reading

Barberet G, Henry ¥, Tatu L etal. Ultrasound description of 4 supe-
rior laryngeal nerve space as an anatomical basis [or echoge
ided regional anaesthesia. Br | Anaestl. 200 2;109(13:120 125,
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Fig. 35.2 Uhtrasound technigue for supenor laryngeal nerve block. Note the out of plane technique for inserting the needle through the

thyrokyoid rmembrane,




Recurrent Laryngeal
Nerve Block

Key Poinis

® Lsing uitrasound for cricothyroid membrane identi-
fication is more accurate than the landmark
technigue,

® |dentification of the cricothyroid membrane using
ultrasound can be used for transtracheal injection
for recurrent laryngeal block or cricothyroidotomy.

The recurrent laryngeal nerve supplies the sensory inner-
vation to the laryngeal mucosa below the level of vocal
cords and the trachea (Fig. 36.1). Blocking the recurrent
laryngeal nerve facilitates comfortable passing of the endo-
tracheal tube into the trachea. Combined transtracheal
recurrent laryngeal nerve block with bilateral internal
branch of the superior laryngeal nerve is crucial for proper
upper airway sensory block during awake fiberoptic
intubation.

Ultrasound is an accurate method for the localization of
the cricothyroid membrane (CTM) (Fig. 36.2). The success
rate for correctly identifying the CTM by a landmark tech-
nique varies from 32% to 39% compared with the accuracy
of ultrasound. Average CTM dimensions are 8 mm by 11
mm. Transtracheal injection for recurrent laryngeal nerve
block can be performed with real-time ultrasound using
the “string of pearls” technique. A linear array high-fre-
quency transducer (12-15 MHz) is used for this technique.
The transducer should be placed in the transverse short-axis
view on the patient’s neck, just above the suprasternal notch,
to visualize the trachea. This can be seen as an inverted U

Ehab Farag

hypoechoic structure, with hyperechoic reverberation arti-
facts posteriorly.

The transducer should be rotated 90 degrees to visual-
ize the tracheal rings in the long-axis view. The tracheal
rings will appear as hypoechoic rings anterior to a hyper-
echoic white air-mucosa (A-M) interface line, reminis-
cent of a string of pearls. The transducer should be
moved cephalad in the long-axis view on the midline
until the cricoid cartilage, cuboidal in shape, is visual-
ized. The transducer should be moved further cephalad
toidentify the thyroid cartilage. The echogenic CTM will
be visualized between the upper border of the cricoid
and lower border of the thyroid cartilages. Mext, a
22-gauge needle will be inserted, using real-time ultra-
sound imaging through the CTM. After aspiration of air,
3 to 5 mL of 2% lidocaine will be injected for the recur-
rent laryngeal nerve block.

Identification of CTM during an emergency could be a
lifesaving procedure in situations when the patient cannot
be oxygenated and intubated. It can be performed in a
similar way (Fig. 36.3).

PEARES

* Visualization of CTM is essential for a successful
procedure.

= Aspiration of air before injecting the local
anesthetics is crucial 1o ensure the proper needle
position in the trachea.

* The patient’s coughing after injection of local
anesthetics is a sign of successtul block; in addition,
it disperses Lhe local anesthetic.
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Fig. 36,3 Ulirasound technique for recurrent laryngeal nerva block, Note the out of plane technique for inserting the needle through the
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Truncal Blocks




Truncal Block

~Anatomy

Richard L. Drake

Innervation of the thoracic and abdominal walls, generally
relerred to as the trunk, involves the thoracic and lumbar
spinal nerves. These truncal/paravertebral blocks affect
somatic innervation and generally avoid affecting the sym-
pathetic nervous system. Additionally, while most major
surgical procedures are unable 1o be performed using only
truncal blocks, they are useful in a variety of situations,

These anterior chest wall fascial plane blocks are an option
instead of thoracic epidural and paravertebral blocks. The
landmarks for these blocks are the pectoralis major, pecto-
ralis minor, and serratus anterior muscles in the area of the
third to fifth ribs.

PECS 1 BLOCK

This block is administered in the fascial plane between the
pectoralis major and pectoralis minor muscles in the area
of the third and fourth ribs (Fig. 37.1). It targets the medial
and lateral pectoral nerves, which innervate the pectoralis
major and pectoralis minor muscles, and is used for surger-
ies invalving the pectoralis major muscle,

PECS 2 BLOCK

This block is administered in the fascial plane between the
pectoralis minor and serratus anterior muscles in the arca
of the fourth and fifth ribs. It targets intercostal nerves,
intercostobrachial nerves, and the long thoracic nerve, and
is used for mastectomies and axillary dissections.

PECTOINTERCOSTAL BLOCK

This block is administered in the fascial plane between the
pectoralis major and intercostal muscles on both sides of
the sternum (Fig. 37.2). It targets the anterior culaneous
branches of the intercostal nerves.

SERRATUS ANTERIOR BLOCK

The serratus anterior block is appropriate for anterolateral
chest wall incisions. The serratus muscle arises as a number
of muscular slips fram the lateral surfaces of ribs | o9 and
the deep fascia covering the related intercostal spaces (Fig.
37.3A.B). The muscle is a flat sheet passing posteriorly
around the wall of the thorax to insert on the medial border
of the scapula. This muscle pulls the scapula forward over
the thoracic wall, keeping the costal surface opposed to the
theracic wall. It is innervated by the long thoracic nerve
(branches from C5-C7 nerve roots), which passes through
the axilla along the medial wall, and continues down the
serratus muscle on its external surface (Fig. 37.3C).

INTERCOSTAL MUSCLE BLOCK

This block is performed for the treatment of pain affecting
the theracic and upper abdominal regions. The three layers
of intercostal muscles (external, internal, and innermost)
and their tendons are partial and do not completely fill an
intercostal space (Figs. 37.4 and 37.5). Additionally, the
neurovascular bundle in cach space is between the internal
and innermost layers in a rib structure described as the
costal groove (Fig. 37.4).

PARAVERTEBRAL BLOCK

The paravertebral block can be used for unilateral proce-
dures such as thoracotomies, nephrectomies, rib frac-
tures, and breast surgeries. It is placed in a triangular
space located immediately lateral 10 the intervertebral
foramen, which contains the spinal nerves (anterior and
posterior rami and rami communicantes) as they exit the
vertebral canal (Fig. 37.6). This space is bounded anteri-
orly by the parietal pleura, posteriorly by the superior
costotransverse ligament (this ligament attaches the supe-
rior surface of the neck of the rib to the transverse process
of the vertebra above), and medially by the vertebral body,
the intervertebral disc, and the intervertebral foramen.
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Subclavius
Lateral pectoral nerve

Pectoralls major Thoraco-acromial artery

Pectoralis minor
Medial pectoral nerve
Lateral thoracie atery

Clavipectoral fascia

Fig. 37.1 Muscles and fascia of the pectoral region, [From Drake BL, Vgl AW, hMichat AWM. Gray's Anatomy for Students, Sih ed
Prignspna: Essver, 2083

Pasterior branch
Lateral culansous
branch

Anterior branch

Anterior cutaneous
| branch

Small collateral branch

Fig. 37.2 Intercostal nerves. From Deaee FL, Vol AW Neche] S0, Geay's Anaterry for Students, Sth ed. Préadeiphia; Elsevier, 2023.)

erector spinae muscle and the posterior surface of the

ERECTOR SPINAE PLANE BLOCK transverse process of each vertebra (Fig. 37.7). Essentially,

the injection is over the transverse process and under the

This block is generally used for acute and chronic thora- erector spinae muscle. The solution spreads cranially and

coabdominal pain. The target of the block is the erector caudally, covering multiple vertebral levels and, by a not so
spinae plane, an area between the anterior surface of the

well described process, also reaches the paravertebral space.
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Lateral angle of
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B
Fig. 37.3 Medial wall of the axilla. (4) Lateral view, (B) Lateral view with lateral angle of scapula retracied posteriorly.
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Intercosicbrachial nerve Long horacic nerve
(lateral culaneous
branch of T2)
Serratus anterior
Leng thoracic nerve
c 1
Fig. 37.3. cont'd {C} Anterior view. From Drass FL. Vo AW, Michel AWK Gray's Analomy for Sludents, 4th ed, Priadeiphia: Eisever, 2020

RECTUS SHEATH BELOCK

This block is useful for surgeries around the umbilicus and
periumbilical region. It is administered at or shightly above
the umbilicus, affecting nerves from spinal cord levels T9
to T11 (Fig. 37.8). At the lateral border of the rectus abdom-
inis muscle, the aponeuroses of the three lateral abdominal
muscles (external obligue, internal oblique, and transversus
abdominis) initially form a common aponeurosis that splits
into an anterior and posterior aponeurosis, enclosing the
rectus abdominis muscle and the nerves innervating this
muscle (Fig. 37.9A.B). At the midline, the aponeuroses
from both sides come together, forming a thick, fibrous
band of fascia, the linea alba, The block is performed by
placing the needle just deep to the rectus muscle. Since the
spinal nerves innervating the muscle do not cross the
midline due to the presence of the linea alba, a bilateral
black is necessary for some procedures (Fig. 37.10),

EXTERNAL OBLIQUE INTERCOSTAL
BLOCK

“This block is useful for upper abdominal surgeries, It is
administered in the lower thoracic/upper abdominal area
in the midclavicular line between the external oblique
muscle and the intercostal muscles,

TRANSVERSUS ABDOMINIS PLANE
BLOCK

The ventralfanterior rami of spinal nerves T7 to LI leave
the vertebral canal through an intervertebral foramen and
enter a fascial plane between the internal oblique and trans-
versus abdominis muscles. Continuing around the body in
the appropriate intercostal space, associated with blood
vessels, the spinal nerves give off lateral cutaneous branches
at the midaxillary line and finally, an anterior cutaneous
branch (Fig. 37.11). The block is administered in the inter-
fascial space between the internal oblique and transversus
abdominis muscles. For midline procedures, bilateral
blocks are necessary.

SUBCOSTAL TRANSVERSUS
ABDOMINAL PLANE BLOCK

This block is useful for supraumbilical procedures. To
administer this block properly, the fascial plane between
the rectus abdominis and the transversus abdominis
muscles must be identified (Fig. 37.10). As the external
oblique, internal oblique, and transversus abdominis
muscles move around the body, becoming more medial,
the muscle fibers disappear and an aponeurosis, or flat
tendon, appears. Using ultrasound, the change is




apparent, and the fascial plane between the rectus
abdominis muscle and the transversus abdominis muscle
is identifiable.

QUADRATUS LUMBORUM BLOCK

This block is intended to be used on individuals dealing
with postoperative pain from abdominal or hip surgeries.

Pastenior ramus of spinal narve

Lateral branches of — [
mlarcosial nerve ||II
and vessels

Caollateral branches of
intercostal nerve and vessels

Anterior intercostal artery and vein

A
I~
Serratus anlenor muscle
) ¥
Extemal inlercostal muscle -
Internal intercostal muscle o
1 B o
Innermost intercostal muscle i R?t
Skin ——
Superficial fascia

The thoracolumbar faseia consists of anterior, middle, and
posterior layers (Fig, 37.7). The posterior layer surrounds
the erector spinae muscles. The middle layer passes between
the erector spinae muscles and the quadratus lumborum
muscle. The thin anterior layer lies anterior to both the
quadrats flumborum and the psoas major muscles, The
goal of this block is 1o place the anesthetic in the space
between the quadratus lumborum muscle and the thoraco-
lumbar fascia.
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Truncal Block Anatomy M



BROWN'S ATLAS OF REGIONAL AMESTHESIA

Internal thoracic artery

Anlerior culaneous branch Anterior perforating branch

Anterior intercostal anery

External intercostal
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Lateral culaneous
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branch
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(intercostal nerve)

i Postafior ramus Spinal nerve

Postanor intercostal artery

Fig. 37.4 Intercostal space. (A) Anterolateral view, (B) Details of an intercostal space and relationships, (G} Transverse section, (Fram
Crama RL, Voo AW, Mchel AV, Gray's Anafomy for Steaents, Sth ed. Phiaosiohsy; Blsevier: 2023.)
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External intercostal membrane

Collateral branches External intercostal muscle

Fig. 37.5 Intercostal muscles. Froer Dease BL Ve A, ekt UMK, Giray's Aratorny for Students, Sth eq. Priadelpns: Elsever 2023
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Fig. 37.8 Innervation of the anterior abdominal wall. (From Drake
AL, Vogi A% Klicre? AW Gray's Anatomy for Students, dth ed.
Preadelphla: Esevier. 2020.)

Linea alba Recius abdominis

External obligue

Transversals fascia
Internal obliqua

Parietal peritoneum

A Transversus abdominis

Linea alba Reclus abdominis

External oblique

Transversalis fascia
Internal oblique
Parigtal paritoneum

Transversus abdominis

Fig. 37.9 Organization of the rectus sheath, (A Transverse section through the upper three-quarters of the rectus sheath. (B
Transverse section through the lower one-quarter of the reclus sheath, i Deane L. Voglh A, IMchel AWM. Gray's Ar.aemn:: for
Exmenin ih oo, Prigesnras: Brmasr 20050
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Rectus abdominis muscle
T10 nerve

Transversus abdominis muscle

T12 nerve

lishypogastric nerve (L1)

Linea alba

Iliginguinal nerve (L1)

Fig. 37.10 Path taken by the nerves innervating the anterolateral abdominal wall. (From Crake BL, Viog!h AW, hMachel AWK, Gray’s Analomy
for Studenis, dih ed. Prdadeiphia: Elsever. 2020
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Fig. 37.11 Innervation of the anterolatera i t f it
o 4, er: 2020, abdominal wall. (From Drake RL. Vogl AW, Mitchell AWM. Gray's Anatomy for Srugents. 4t ed




Pectoral Nerve (PECS)

and Pectointercostal

Blocks

Loran Mounir-Soliman and Nour El Hage Chehade

K=y Faints

* Anterior chest wall blocks are used as alternatives to
thoracic epidurals and paravertebral blocks for
breast surgeries and procedures involving the ante-
rior chist walls.

* Serratus plane blocks and supraclavicular blocks may
be required for more extensive surgeries.

¢ The pectoralis major, pectoralis minor, and serratus
anterior muscles are the main landmarks for the PEC
blocks at the level of the fourth and fifth ribs.

¢ Bilateral pectointercostal blocks are required for
sternal wound incisions.

= All fascial plane blocks need ultrasound puidance,
skill with ultrasound-guided procedures, and larger
volumes of local anesthetics (LA).

The introduction of ultrasound to regional anesthesia
allowed the identification of various interfascial planes
between the different muscles, including the chest wall
musculature. Some of the interfascial planes (between the
investing fascias of the muscles) are considered neurovas-
cular potential spaces, hosting the different nerves and
vessels supplying the chest wall.

Along the course of the intercostal nerves, they branch
and communicate with the adjacent intercostal nerves as
well as other pectoral nerves when crossing between those
different interfascial planes.

The ventral rami of the thoracic spinal nerves (T2-T9)
pierce the intercostal muscles, giving lateral and anterior
cutaneous branches that further divide into posterior, ante-
rior, medial, and lateral branches, providing sensory inner-
vations to the anterior and lateral aspects of the chest wall,
including the breast (T4-T5-T6). The apex of the axilla is
innervated by the intercostobrachial nerve, a branch of the
T2 spinal nerve. These multiple divisions of the spinal
nerves communicate with the branches of the adjacem
spinal nerves through the neurovascular planes existing
between the muscles of the chest wall, mainly the pectoralis
major, pectoralis minor, and serratus anterior muscles,
bounded by the fascial layers covering the muscles (inter-
fascial planes). Those planes also host branches of the bra-
chial plexus along their course in the chest, mainly the
medial pectoral nerve (C8-T1), lateral pectoral nerve

(C5-C7), long thoracic nerve (C5-C7), and thoracodorsal
nerve (C6-C8) (Figs. 38.1-38.4),
PEC blocks were first introduced by Blanco in 2011,

INDICATIONS

= Breast surgery (these blocks were introduced as an
alternative to paravertebral blocks)
= Pacemaker inserlion

* Any surgery involving the upper anterior chest wall

This block is performed at the level of the upper anterior
chest wall. Injection of LA in the interval between the
pecloralis major and minor muscles at the level of the
third to fourth ribs is viewed as PECS | block. This block
targets the pectoral nerves, the medial (C8-T1) and
lateral pectoral (C5-7) nerves that pass along this plane
and can be anesthetized by injecting a relatively large
volume of LA. This block targets surgeries involving the
pectoralis major muscle, for example, expander inser-
tion, port-a-cath placement, and implantable cardiac
devices (Fig. 38.5).

For more extensive surgeries of the anterior chest wall,
including mastectomies, sentinel node biopsies. and axil-
lary dissections, blockade of the intercostal nerves and
intercostobrachial nerves, as well as the long thoracic
nerves, is necessary. It is achieved through injection of the
LA at a deeper level between the pectoralis minor and ser-
ratus anterior muscles at the level of the fourth to fifth ribs
(PECS 2 block). Typically, the PECS 1 block is performed
as part of the PECS 2 block through the same entry point
during the passage of the needle between the pectoralis
major and pectoralis minor muscles (Fig. 38.6).

For a sternal wound, the anterior cutaneous branches of the
intercostal nerves can be blocked by infiltrating LA in the
fascial plane between the pectoralis major and intercostal
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muscles on both sides of the sternum (peclointercostal
block) (Figs. 38.7 and 38.8).

ULTRASOUND-GUIDED INJECTION
TECHNIQUE

The technique was described by Blanco. The patient is usually
positioned supine for the PECS and pectointercostal blocks,
with the anesthesiologist standing at the head of the patient
and the arm abducted. Ideally, the ultrasound machine
should face the anesthesiologist across from the patient,
allowing them to view the screen as well as the needle entry
point and needle direction within the same visual field.
PECS 1 and 2. A high-frequency linear probe is best
suited for these superficial blocks to better identify the dif-
ferent fascial planes and borders of the chest wall muscles.
A high-frequency ultrasound probe is placed under the
clavicle at the midclavicular line to locate the axillary artery
and vein under the pectoralis major and minor muscles.
The probe is then moved distally and laterally toward the
axilla as you visualize the ribs. Starting at the first rib, count
until you reach the third rib. At the level of the third and
fourth ribs, you will be able to see three muscle layers: the

Dorsal ramus

——

PECTOINTERCOSTAL

Anterior culanecus n,

Veniral ramus (intercostal n.)

pectoralis major, pectoralis minor, and serratus anterior
muscles, Another way is to start the scanning by placing
the probe parallel 1o the long axis of the body {cephalocau-
dad direction) medial to the coracoid process, visualizing
the axillary artery and the cords of the brachial plexus
surrounding it deep to the pectoralis major muscle, At this
point, tilting the probe medially will allow visualization of
the second rib and pleura. Scanning caudad will enable
viewing of the pectoralis minor deeper to the pectoralis
major, especially when angulating the leading edge of the
probe slightly lateral at the same time toward the axilla and
lateral edge of the pecloralis muscle (see Fig. 38.2). The
probe is usually turned oblique 1o the long axis of the body
to allow the needle path from a cephalomedial 1o a candal
and lateral direction. The target of infiltration of LA is
between the pectoralis minor and serratus (PECS 2), fol-
lowed by the interval between the pectoralis major and
pectoralis minar (PECS 1) at those two levels. It is easier
to perform the deeper block first when doing both blocks
with a single needle path. That will also avoid obliteration
of the deeper fascial ultrasound identification if air is
injected accidentally during the first injection. Care should
be taken to avoid vascular punctures of the multiple small
branches of the thoracoacromial vessels hosted within the

Serralus
anterior m.

Paosterior branch of
lateral culaneous n,

Lateral cutaneous n.

Anterior branch of
lateral cutaneous n.

PECS 1

Pecloralis minar m,
Pacloralis major m.

Fig. 38,1 Cross-section showing the muscles of the chest wall, indicating the correct interfascial planes for FECS 1 and 2 blocks
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Long thoracic n
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Fig. 36.2 Anatomy of the anterior chest wall with a cross-section showing the correct interfascial planes for PECS 1 and 2.
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Fig, 38.2 Probe position for PECS 1 and 2. Note the in-plane
technique for the black.

same targeted planes (neurovascular fascial planes) (Figs.
38.4-38.6, Video 38.1).

Pectointercostal. The probe is placed an inch lateral and
parallel to the long axis of the sternum in a longitudinal

PLEURA

Fig. 38.4 Ultrasound image for PECS 1 and 2 shows the
muscles.

orientation. The level of injection is typically at the level of
the midsternum. With this view, multiple ribs can be visual-
ized with the intercostal muscles between them and the
pleura underneath both. The pectoralis major muscle is the
only muscle covering the ribs and the intercostal muscles.
The interfascial interval between the pectoralis muscle and
the underlying ribs and intercostal muscles is the target of
infiltration of LA in order to block the anterior cutaneous
branches for sternal incisions. Care should be taken to avoid
vascular injuries of the branches of the internal thoracic
artery (Figs. 38.7 and 38.8).
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PLEURA
Fig. 38.5 Ultrasound image for PECS 1 shows the position of Fig. 38.6 Ultrasound image of PECS 2 shows the position of the
the needle deep 1o the pectoralis major muscle. needle and the LA deep to the pectoralis minor muscla.

L | branch Fig. 38.7 Cross-section showing the
aleral branc anatormical course of the anterior cutaneous
branches of the intercostal nerves.

Medial branch

Stannum

Pactoralis
major m.

Intermal
intercostal m.———

Transversus .
thoracis m. ——

e
Anteror cutaneous branch of
intercostal n. Internal thoracic a.

@ Like most fascial plane blocks, the target is not a
specific nerve as much as a plexus of nerves formed by
the communication of multiple branches. The injection
of a large volume (20-30 mL) is necessary to have a
wider spread and 1o block mosl of those branches.
Care should be taken to calculate the maximum dose
of LA injected 1o avoid systemic toxicity,

= Combining PECS blocks with the serratus anterior
block may be necessary to cover anterior and
anterolateral chest wall incisions.

Intramuscular hematoma and pleural puncture can be pos-
sible complications of this block; however, these are rare,
Care should be taken to visualize the needle the entire time
it is advanced underneath the ultrasound beam to avoid
vascular or pleural puncture.

Multiple encounters of the surface of the ribs are unnec-
essary, can be painful to patients, and should be

minimized.
¢ For continuous infusion techniques, intermittent
bolus programming may provide better spread and a
maore effective block.
& The area immediately below the clavicle and the
* Injection of LA underneath the pectoralis major upper part of the breast is supplied by the
high up in the chest (at the level of the second rib) supraclavicular nerve (C3-C4) and nerve to
can lead to an accidental block of the brachial subclavius (C5-C6). The typical injection for PECS

plexus. | and 2 blocks does not provide coverage to this
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Anterior

ot and

infection site

P

L intemal intercostal m.

- Transversus thoracls m.
- Costal cartilage

- Pactoralis major m.

Fig. 38,8 Analomy and neadie position for the pectointercostal block. Note the needle and LA deep to the pectoralis major and
supericial to the intercostal muscles.

area. Separate injection of the supraclavicular nerve incision extends high up in the chest toward the
{superficial injection above the clavicle) and nerve clavicle.
to subclavius (superficial injection below the o Original hydrodissection can be achieved by saline

clavicle) may be needed as a supplement if the to limit the total dose of LA used.
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* The scrratus anterior block is indicated for anterolat-
eral chest wall incisions, targeting the lateral and
postcutaneous branches of upper and middle tho-
racic dermatomes.

The block has been used for different thoracoscopic
and open chest wall incisions as well as chest tube
placements and rib fractures.

* The long thoracic nerve 15 included in the serratus
anterior block.

« Injection of local anesthetic (LA), either superficial or
deep to the serratus anterior muscle, leads to similar
rasults clinically.

¢ The optimal point of injection should be posterior to
the midaxillary line, at the level of the fifth or sixth
ribs. This allows better identification of the muscle
as well as better spread of the medication.

B

The serralus anterior muscles originate from the anterior
surface of the first to eighth ribs at the lateral chest wall and
insert along the entire anterior length of the medial border
of the scapula, as well as the ventral aspect of its inferior
angle. It consists of multiple serrated tendinous projections
connecting the ribs, with the costal margin of the scapula
pulling the scapula forward around the chest (protraction),
especially when pushing forward. It alse helps with upward
rotation of the scapula, adding to the traperius muscle
action. The muscular serrations are thinner at their origin
(anteriorly) and get bigger along their course posteriorly.
The serratus anterior receives its nerve supply from the
long thoracic nerve, also called the nerve to serratus ante-
rior; it originates from the roots of the brachial plexus
{C5-C7). Its injury results in “winging” of the scapula. It
has multiple sensory and motor branches and typically runs
in a course between the middle and posterior axillary lines.
Anterior to the anterior axillary line, the serratus anterior
muscle is covered by the pectoralis muscles. Along its dorsal
course, slarling at the level of the fifth rib, the serratus
anterior is covered by the latissimus dorsi muscle.
Accordingly, posterior to the midaxillary lines, there are
two potential fascial planes: superficial and deep to the
serratus muscle. Superficial to the serratus anterior, the
fascial plane is bounded by the deep surface of the latissimus

dorsi, and deep to the serratus, the plane is bounded by the
ribs and intercostal muscles,

The lateral and posterior cutaneous branches of the T2
te TY intercostal nerves, along with the long thoracic nerve,
travel across those two fascial planes: superficial and deep
to the serratus anterior muscle posterior to the midaxillary
line. Clinical results indicate that injection of LA along
both planes results in similar outeomes, mainly blocking
upper and midthoracic dermatomes of the lateral chest wall
(Fig. 39.1).

INDICATIONS

= Multiple rib fractures, especially lateral rib fractures

= Chest tube pain

= Surgery involving the lateral or posterior chest wall
in the dermatomal area T2 10 T9

ULTRASOUND-GUIDED INJECTION
TECHNIQUE

Typically, a high-frequency linear probe is used for the ser-
ratus anterior block to better idemify the superficial and
deep boundaries of the muscle. However, a curvilinear
probe can be more useful in morbidly obese patients to
allow deeper penetration and a broader visual window,
This block is performed in the axillary region. The land-
miarks of this block are the latissimus dorsi and the serratus
anterior muscles, Ideally, the patient is positioned laterally,
with the side to be blocked uppermost. Transverse scan-
ning along the course of the serratus muscle posteriorly at
the level of the fifth rib identifies the muscle, starting in the
midaxillary line. Scanning can also start at a higher level,
and ribs can be counted from the clavicle down to reach
the fifth rib, where the block is performed. The size of the
muscle varies according to its position along the chest wall,
being larger posteriorly. Tilting the probe from side to side
can also change the viewable section of the muscle accord-
ing to the trajectory of the beam. The muscle is identified
by its position just on top of the ribs, distinguished from
the intercostal muscles located between the costal hyper-
echoic lines. As the probe moves posteriorly, the beam will
encounter the large latissimus dorsi muscle, superficial to
the serratus anterior. The needle is inserted in-plane from
anterior 1o posterior (however, it can be introduced from
the dorsal side of the probe if needed). The LA is injected
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Fig. 39.1 Anatomy of the anterior chest
wall, showing the sensory distribution of
the serratus anterior block.

Anterior branches of
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in one of two fascial planes: superficial 1o the serratus ante-
rior (deep to the latissimus dorsi) or deep 1o the serratus
anterior, lifiing the muscle of the ribs and intercostal
muscles. As mentioned previously, clinical results have
been reported to be similar, because the long thoracic nerve
and the branches of the intercostal nerves run across both
planes. It is the author’s practice to instill half of the volume
in each plane, starting with the deeper one first, for a wider
spread.

The optimal level of injection is at the posterior axillary
line at the level of the fifih or sixth rib to allow more cover-
age of the lateral and posterior culaneous branches.

The single-shot technique, as well as a continuous
indwelling catheter, has been described for this block (Figs.
39.2-39.4, Video 39.1).

Lg-at

Intramuscular hematoma and pleural punciure can be pos-
sible complications of this block but are rare. Care should
be taken to visualize the needle the entire time it is advanced

below the ultrasound beam to avoid vascular or pleural
puncture,

Multiple encounters of the surface of the ribs are unnec-
essary, can be painful to patients, and should be
minimized.

Merve injury is unlikely, given that the needle is not
steered directly at nerves but instead, toward the plane
through which the nerves run.

PEARLS

® The serratus anterior block is usually a superficial
block going 2 to 3 inches deep in most patients.
Accordingly, there is no need to use a needle longer than

3 1o 4 inches in length,

®* Like most fascial plane blocks. the target is not a
specific nerve as much as it is a plexus of nerves
formed by the communication of multiple branches.
The injection of a large volume (20-30 mL) is
necessary Lo have a wider spread and block most of
those branches. Care should be taken 1o calculate
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INTERCOSTAL

= PEEURA

Fig. 39.4 Ultrasound image of the serratus antenor block with
the needle deep to the serratus anterior muscle but superficial
to the intercostal muscies. The injection of LA is between the
serralus antenor and mtercostal muscles. Mate that the pleura is
ahways visuablized when performing the block to avoid
preumothorax or inury to the lung.

Midaxillary line the maximum dose of LA injected to avoid systemic
toxicity.
Fig. 380.2 UWlirasound probe position. Note the in-plane o The thoracodorsal artery lies in the pl,j.]‘:e between

lechinique of i block. the latissimus dorsi and serratus anterior muscles

and should be identified using color Doppler before
performing the block.

o Combining pectoral nerve blocks with the serratus
anterior block may be necessary to cover anterior
and anterolateral chest wall incisions.

e v e

SERRATUS ANTERIOR = For continuous infusion techniques, intermittent
MUSGCLE bolus programming may provide better spread and
mare effective block,

Fig. 39.3 Ultrasound image of the serratus anterior bock,
showing the serratus anteror and intercostal muscles. It is very
imporiant to visualize the pleura when performing the block, as
shawn in the ligure.



" Ultrasound for
tercostal Block

P e e
ey Points

= The intercostal nerves supply the major parts of the
skin and the musculature of the chest and abdominal
wall,

¢ The intercostal nerve block is now commonly per-
formed for treatment of acute and chronic pain con-
ditions affecting the thorax and upper abdomen.

= The intercostal nerve block provides excellent anal-
gesia for chest trauma such as rib fractures and after
chest and upper abdominal surgeries.

= Ultrasound provides the safest and most successful
way to perform intercostal nerve blocks.

= The online technigue is the preferred way for per-
forming the block.

There are three layers of intercostal muscles: the external,
internal, and innermost intercostal muscles, which are all
thin, incomplete layers of muscle and tendinous fibers. The
neurovascular bundle lies between the internal and inner-
most intercostal muscles in the costal groove, Of note, the
neurovascular bundle lies midway between the ribs in the
majority of cases. The use of ultrasound allows the visual-
ization of the pleura and the different layers of the inter-
costals. The pleura will be identified easily as a hyperechoic
line that glides with respiration (the sliding sign).

A linear probe with high resolution (6-13 Hz) is used for
the technique. The patient can be placed in the prone

Ehab Farag

position, sitting position, or lateral position, with the side
1o be blocked facing upward. The angle of the rib, which
is 6 to 7.5 cm from the spinous process or on the lateral
edge of the paraspinal muscle, is the common site of
injection, as the rib is the thickest at this site and the
intercostal nerve has not yet branched. The probe is
usually placed in the short axis 1o the ribs, so the two
consecutive ribs are in view. The probe can also be placed
in the long axis of the consecutive ribs, the author’s pre-
ferred technique. Both in-plane and out-of-plane tech-
niques could be used for intercostal nerve block. The
author prefers the in-plane technique, as the complete
needle path can be visualized. The needle is advanced
under real-time ultrasound guidance until the tip is posi-
tioned between intercostal and innermost intercostal
muscles. After proper positioning of the needle, 4 to 5
mL of local anesthetic is usually injected for each inter-
costal space (Figs. 40.1A,B-40.3, Video 40.1).

| .

= The preferred local anesthetic for this block is either
0.2% ropivacaine for sensory block or 0.5% for
surgical block.

# The pleura should be observed at all times when
performing the technique.

@ After performing the block, ulirasound can be used
to scan for the possible complication of
pneumothorax.

¢ Pneumothorax can be diagnosed by absence of the
sliding sign and/or comet-tail artifacts that appear
as vertical lines to the pleura.
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Fig. 40,1 (&) The pesition of the ultrasound probe at the angle of the ribs s either al the shor axis (4., across the nbs) or at the long
axie (B., paraliel to the ribs). Hote that the in-plane lechnique is preferred. (B) Ultrasound image of the intercostal block shows the three
intercostal muscles and the plewra,
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Fig. 40.2 The distribution of analgesia after the intercostal block.



‘aints
Thoe thoracic paravertebral block, with or without
catheter. can be used in lieu of thoracic epidural
catheter for unilateral procedures and for breast
SUrgeries.

* Pneumothorax is the major complication of this
block.

* When performing the block and the injection, make
sure the needle tip always remains visible in the
plane.

= Thoracic paravertebral catheter can be used in lieu
of thoracic epidural analgesia for unilateral
procedures like thoracotomies, nephrectomies
(either partial or radical), rib fractures, and breast
surgeries.

= This block is used in cases where epidural catheter is
difficult or epidural analgesia failed for unilateral
procedures.

= Bilateral paravertebral blocks, with or without
catheter insertion, can be used for bilateral
procedures, taking care to avoid the development of
bilateral pneumothoraces and local anesthetic
overdose toxicity,

@ The same contraindications exist as with epidural
catheter insertions regarding the use of
anticoagulants and antiplatelet drugs.

¢ Pneumothorax is the main complication of thoracie
paravertebral block, with or without catheter
insertion. Therefore inexperience performing regional
anesthesia using ultrasound is considered a relative
contraindication for thoracic paravertebral block.

The thoracic paravertebral space lies adjacent to the tho-
racic spine bodies and contains the spinal nerves as they

emerge from the intervertebral foramina, the anterior divi-
sions {intercostal nerves), the posterior divisions, and the
rami communicantes. The thoracic paravertebral space is
sandwiched between the parietal pleura anteriorly and the
superior costotransverse ligament posteriorly. The verte-
bral bady, interveriebral disc, and intervertebral foramen
form the medial boundary. The thoracic paravertebral
space is connected to the level above and below, with the
caudad limit being the origin of the psoas major at T12.

The thoracic paravertebral space can be scanned in both
the transverse (intercostal) and paramedian approaches. In
the transverse approach, the probe is aligned in the space
between two adjacent ribs overlying the transverse process.
In this approach, the external intercostal muscle, the inter-
nal intercostal membrane that binds medially with the cos-
totransverse ligament, and the parietal pleura can be viewed.
‘The landmarks in this scan are the bony reflections from
the transverse process with its dropout shadow, and the
pleural reflection, which moves with respiration.

In the paramedian (longitudinal) approach, the probe
lies in the paramedian plane of the transverse processes,
The main landmarks in this approach are reflections and
dropoul from the lips of the transverse processes. The exter-
pal intercostal muscle and costotransverse ligament lie
between the transverse processes. The parietal pleura lie
deep to these layers and can be recognized by their move-
ment with respiration as evidenced in ultrasound by char-
acteristic sliding and comet-tails signs (Fig. 41.1).

The linear ultrasound probe (50-mm footprint) is usually
used for this block, In the transverse approach, the probe
15 aligned over the long axis of the rib; then it is moved
medially to visualize the transverse process. By toggling
(tiling) the probe, the external intercostal muscle, the
internal intercostal membrane that binds medially with the
costotransverse ligament, and the parietal pleura can be
identified. The needle is introduced in-plane at the lateral
end of the probe, from the lateral to medial direction. The
needle tip should be positioned just deep to the costotrans-
verse ligament in the paravertebral space. Local anesthetic
spread should cause displacement of the pleura anteriorly.

In the paramedian (longitudinal) approach, the linear
ultrasound probe (50-mm footprint) or curvilinear probe
can be used for this approach. However, the author prefers
to use the linear probe for this block. First, the technician
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Fig. 41.1 Anatomy of the paraveriebral space.

scans the spinous process and then moves the probe later-
ally to visualize the transverse process. The probe then will
be rotated through 90 degrees to lie 2.5 cm lateral to the
spine over the desired thoracic levels, The needle is intro-
duced in-plane at the lower end of the probe. For better
needle visualization, the probe can be rotated to lie oblique
to the spine, rather than parallel to it. As in the transverse
approach, the needle tip should be positioned just deep 1o
the costotransverse ligament in the paravericbral space.
Injecting local anesthetic will displace the pleural anteriorly.
In both technigues, the catheter can be inserted via a Tuohy
needle (Figs. 41.2-41.5, Video 41.1).

s Patients may be positioned in the sitting, lateral
decubitus (surgical side up), or prane position
during the block.

* ‘The parietal pleura appear as a glittering
hyperechoic structure between the transverse
processes.

+ The presence of lung sliding. which is the to-and-fro
movement of the lung caused by respiration, and
comet-tail signs rule out pneumothorax after a
thoracic paravertebral block.

Patients with lung hyperventilation, as in chronic
obstructive lung disease, are at higher risk of
developing pneumothorax.

The costotransverse ligament can be mistaken for
parietal pleura, and the injection of local anesthetic
superficial to the ligament will result in block
failure. Optimizing the image depth and gain will
help with proper identification of the pleura and the
costotransverse ligament, Furthermore, asking the
patient to take a deep breath will identify the
visceral and parietal pleura. The latter maneuver will
cause a visible movement of the visceral and parietal
pleura over each other (the sliding sign).

The paramedian approach is the preferred one for
catheter insertion, as theoretically it decreases the
incidence of placing the catheter in the epidural
space,

The continuous thoracic paravertebral catheter
infusion rate is 5 to 10 mlL per hour of 0.2%
ropivacaine. However, for a paravertebral block
without catheter insertion, 5 mL of 0.2% or 0.5%
ropivacaine is injected at each level.

Pneumothorax is the major complication of this
block. Injections into the root canal and epidural or
spinal blockade are other possible complications.
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Fig. 41.2 The patient pesitioned with ultrasound machine for the paravertebral block.
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Fig. 41.5 The paramedian (longitudinal} approach for the
paraveriebral block.
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Vicente Roqués-Escolar and Mauricio Forero

Key Poinds

= Erector spinae plane block (ESPB) actually is used for
acute ond chronic thoracoabdominal pain syn-
dromes, although its indication has been described
for the treatment of pain in other locations.

< |t is avvisable to use a high-freguency transducer in
high thoracic regions (7-12 MHz) and a low-fre-
quency curvilinear transducer (2-5 MHZ) for low
thoracic and lumbar regions.

@ Clear identification of the transverse process is man-
datory prior to infiltration or catheter insertion.

¢ Injection volumes ranging from 20 to 40 mL of long-
lasting local anesthetic are commonly used.

= Local anesthetic injected over the transverse process
and beneath the erector spinae muscle spreads
cranial and caudal to achieve multiple vertebral

levels and reaches the dorsal ramus and paraverte-

bral space.

The ESPB was first described by Forero et al. in 2017 and
initially was applied in the management of theracic neuro-
pathic pain. Actually, there are more than 1000 reports
published, most of which demonstrated efficacy for acute
and chronic thoracoabdominal pain syndromes.

The ESPB is an interfascial plane block whereby local anes-
thetic is injected within a plane beneath the erector spinae
muscle to achieve multimodal analgesia for thoracic or
abdominal surgery. Its analgesic effect appears due to local
anesthetic diffusion into the paravertebral space, affecting
both the dorsal and ventral ramus of the thoracic spinal
nerves. By blocking the posterior rami of the spinal nerves,
many structures traumatized during posterior approach
spinal surgery could be targeted for alleviation by an ESPB.

Clinical results indicate that local anesthetic injected over
the transverse process and beneath the erector spinae muscle
spreads cranial and caudal to achieve multiple vertebral levels
and reaches the paravertebral space to anesthetize dorsal and
ventral ramus as well as the rami communicantes, which
supply the sympathetic chain. The exact pathway by which
the local anesthetic reaches the spinal nerves is still unde-
fined. Some three-dimensional (3D) topography studies of
the posterior boundary and connectivity of the thoracic para-
vertebral space provide an anatomical rationale supporting
the notion that paraveriebral spread may be achieved with
an injection outside the paravertebral space.

High thoracic
T2orT3

Midthoracic
Td to T6

Chranic shoulder pain syndrome
Postsurgical shoulder pain

Rib fracture (midpoint of level of rib
fracture)

Open tharacotomy and VATS
lobectomy (T5)

Rescue after TE failure for thoracic
surgery (T5)

Cardiac surgery—sternotomy (T5S)

Breast surgery with axillary lymph node
dissechions (T3}

Chronic postherpetic neuralgia (level of
segment involved)

Chronic postthoracotomy pain (level of
segments involved)

Metastatic rib cancer (level of
segments involved)

Mephrectomies [T8)
Hysterectomies (T10)

Laparoscopic ventral hernia repair with
mesh (T?)

Laparotomies (T7)

Chranic postherpetic neuralgia (level of
segment invalved)

Chronic abdominal pain syndrome
{T?-T10)

Chronic pelvic pain syndrome (T10)
Spine surgery (midpoint of levels
involved)

Postsurgical hip replacement pain
management (L4)

Low thoracic
T7 o T12

Lumbar (L4)

TE, Thoracic cpidural ancsthesie; VATS, vidvo-assasted thoracoscopic ssongery.

Pharmacologic Choice. Long-acting local anesthetics
(bupivacaine, levobupivacaine, or ropivacaine) are used at
concentrations of 0.5% (unilateral) or 0.25% (bilateral),
with 2.5 pg/mL of epinephrine. Further studies are neces-
sary to determine the optimal dosing of both single-shot
and continuous techniques.

The exact volume and concentration of local anes-
thetic to be used in ESPB is not well established.
Injection volumes ranging from 20 to 40 mL are com-
monly used,
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Following the administration of a 20-mL initial bolus,
a catheter can be inserted for long-lasting analgesia. For
unilateral infusions, the local anesthetic recommended is
bupivacaine 0.2%, and for bilateral infusions, it is 0.125%,
at a rate between 8§ and 12 mL per catheter per hour
Usually, 12 mL per hour provides sensory block to around
six spinal levels. As pressure during injections may be
an important factor for its effectiveness, PCA- (patient-
controlled analgesia) programmed intermittent boluses
have been suggested as a better option than continuous
infusions.

Anatomy. The back plays a major role in how the entire
body functions. By virtue of its attachments to the vertebral
column, the back integrates the activity of the lower limbs,

upper limbs, spine, and pelvis.

The muscles of this region can be divided easily into two
major groups:

o The extrinsic back muscles functionally belong to the
upper limbs but are situated on the posterior aspect
of the trunk, also known as "immigram” muscles
(trapezius, rhomboid, latissimus dorsi, and serratus
posterior inferior muscles) (Fig. 42.1A).

e The intrinsic back museles act specifically on the
vertebral column. The erector spinac muscle is
included in this group (Fig. 42.1B).

The ESPB targets the erector spinae plane, which lies in
the chest wall between the anterior surface of the erector
spinae muscles and the posterior surface of the spinal trans-
VErse processes.

The erector spinae are not just one muscle, but a bundle
of muscles and tendons. Actually, the erector spinae muscle
consists of three columns of muscles (the iliocostalis, longis-
simus, and spinalis muscles), each running parallel on

Serralus
posterior infarior m.

A

Fig. 42.1 (&) The extrinsic back
(B} The intrinsic back museles:

either outer side of the vertebral column. This muscular
column is encased in a retinaculum (a complex sheet of
blended aponeurosis and fascia) that extends from the
sacrum 1o the skull base (Fig. 42.2A,B).

Each spinal nerve splits into a dorsal and ventral ramus
as it exits from the intervertebral foramen. The dorsal ramus
travels posteriorly through the costotransverse process and
gets into the erector spinae muscle. The ventral ramus
travels laterally as the intercostal nerve, running deep Lo
the internal intercostal membrane.

Position. Depending on the operator'sand patient's comiort,
a sitting, lateral decubitus, or prone position is chosen.

Ultrasound-Guided Injection Technique. A high-Tn
quency linear transducer (7-12 MHz) is used. For a hivh
BMI (body mass index; person’s weight in kilograms diviced
by their height in meters squared) or low thoracic and lumbar
region, a curvilinear transducer (2-6 MHz) iz advised.

Initially, place the probe in transverse orientation over the
spinous process in the midline and transverse process laterally
{axial view). The tip of the transverse process, costotransverse
joint, and rib are well defined as a hyperechoic structure super-
ficial and lateral to the lamina. This adal view allows marking
our target (transverse process tip) over the skin of the patient 1o
rotate the transducer posteriorly in a cranial-caudal orientation
(sagittal-paramedian view). It is important to keep the tip of the
target transverse process in the middle of the ultrasound screen.

As the transducer moves lateral or medial, the acoustic
shadows generated by the costotransverse joint, rib, or
lamina, respectively, can be observed. Clear identification
of the transverse process is mandatory prior to infiltration
or catheter insertion. The transverse process will be more
superficial, blunter, and wider, while the rib will be deeper,
rounder, and thinner (Fig. 42.3).

Longissimus m.

Spinalis m.

lliocostalis m.

Thoracolumbar
fascia

ml.m:l?-s.: trapezius, rhambod major and minor, latissimus dorsi, and :?&l'l"ﬂ'l]ﬂ- posteriof inferior muscles.
longissimus, spinalis, and iliocostalis muscles and thoracolumbar fascia.
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Fig. 42.2 (A) Sagittal-pararmedian cross section of posterior wall of thorax. (B) Axial cross-section at T4 level.
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A. Lamina

C. Costotransverse joint

Fig. 42.3 S{moanammy of anatomical structures in ‘Sﬂglﬂﬂl-l:lﬂrﬂmﬂﬂian scanning for erector spinag plane Bblock,
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Fig. 42.3—cont’d



BROWRMN'S ATLAS OF REGIONAL ANESTHESIA

Fig. 42.4 In-plane approach, from cranial-caudal in sagittal-paramedian view.

A cranial-caudal in-plane approach is preferred to facili-
tate diffusion of local anesthetic. The needle insertion point
is 1 to 1.5 cm away from the ulirasound probe. Once the
tip of the needle approaches the transverse process in ils
distal end, hvdrodissection with normal saline is used Lo
ensure spread anterior to the anterior fascia of the ereclor
muscle and posterior to the transverse process. Following
confirmation of appropriate cranial-caudal spread, the total
volume of local anesthetie is deposited (Fig. 42.4, Video 42.1).

The use of catheters for continuous infusion has also been
described. After injecting 10 mL of the local anesthetic solution,
the catheter can thread easily into the erector spinae plane. It is
prudent to thread 5 1o 7 cm of the catheter into the space 1o
avoid inadvertent dislodgement of the catheter. The last 10 to
20 mL can then be injected through the catheter after confirm-
ing that the catheter is not intravascular (Fig. 42.5, Video 42.1).

Depending on the operator's and patient’s comfort, asitting,
lateral decubitus, or prone position is chosen.

Mo complications have been reported, although the high
volumes and doses of local anesthetic used are associated with
high plasma levels that could facilitate local anesthetic woxicity.

When scanning, you can find the transverse process
tip moving either from medial to lateral (from
lamina to transverse process) or from lateral to
medial (from rib to transverse process). It is
probably easier moving from lamina, which is a flat
and deeper bony structure, to lateral, where the
transverse process will be identified clearly as a
more superficial, bony, fla structure,

The needle must be aligned with the axis of the
ultrasound probe. Place the target transverse process
in the middle of the ultrasound screen, then make
sure that your needle entry point is 1 to 1.5 cm away
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© The ceevical paraspinal interfascial plane (CPIP) block
is o proup of blocks involving injection of local anes-
thetic (La) between the posterior cervical paraspinal
muscles,

© CPIP may include cervical multifidus plane (CMP),
cervical cervicis plane (CCeP), and cervical capitis
plane {CCaP) blocks, depending on the location of
the LA injection.

= CPIP targets the cervical dorsal rami from €1 to C7.

= CPIP can be used for postoperative analgesia for pos-
terior cervical laminectomy/fusion,

= Intracperative neurcmonitoring signals, such as
somatosensory-evoked potentials [SSEPs)/motor-
evoked potentials (MEPs), have been shown not to
be affected by the block.

Interfascial plane blocks of the paraspinal region were first
described by Hand et al. in 2015 for the lumbar region and
called the thoracolumbar interfascial plane (TLIP) black.
As the technique continued to develop, subsequent studies
described a multitude of blocks at the thoracolumbar
region with differing nomenclature to target the dorsal
rami of thoracic and lumbar spinal nerves. Similarly, LA
can be deposited between the paraspinal muscles of the
cervical region by targeting the cervical dorsal rami to
provide innervation to the skin and muscles of the posie-
rior neck and ocaput.

The posterior group of cervical muscles includes but is not
limited to the multifidus, semispinalis cervicis, semispina-
lis capitis, splenius capitis, trapezius, and levator scapulae
muscles (Fig. 43.1). The multifidus muscles run along the
laminae and span from the articular processes of the cervi-
cal vertebra to the spinous processes above their origin
points. The semispinalis capitis muscles originate from the
cervical and high thoracic transverse processes and insert
at the occipital bone and the spinous processes of the ver-
tebral bodies above their point of origin. The semispinalis
capitis muscles lie superior 1o the semispinalis cervicis
muscles.

For nomenclatural purposes, the interfascial planes
between these paraspinal museles can be referred 1o as the
CMP between the muscle of multifidus and semispinalis
cervicis, the CCel? between the muscle of semispinalis cer-
vicis and semispinalis capitis, and the CCaP between the
muscle of semispinalis capitis and splenius capitis,

The dorsal rami of the cervical spinal nerves run through
a continuous plane posteriorly through these muscles and
their interfascial planes from the occiput to the C7 level to
provide branches that innervate the posterior cervical
muscles and skin (Fig. 43.2).

= The CCeP is a unique interfascial plane. This
nerve-containing layer can be identified as a
hyperechoic plane between the semispinalis cervicis
muscle and semispinalis capitis muscle (Figs.
43.2-43.4). The CCeP is a continuous plane that
extends from the occiput to the C7 level.

* The deep cervical artery. a branch of the
costocervical trunk, runs up in the CCeP and can
be visualized continuously along the posterior
cervical spine at the level of the articular process
between the semispinalis cervicis muscle and
semispinalis capitis muscle (Figs. 43.3 and 43.4).

e In the upper cervical levels, the CCeP can be
identified between the obliquus capitis inferior
muscle and semispinalis capitis muscle at the C2
level (Fig. 43.5). The greater occipital nerve, the
medial branch of the dorsal ramus of the C2 spinal
nerve, can be visualized in the CCeP in the upper
cervical levels (Figs. 43.6 and 43.7).

* Because of the superficial nature of the muscle
layers involved, a high-frequency linear probe can
provide optimal imaging in most situations.

= An ultrasound probe is placed in a transverse
orientation and located 1 to 2 ¢m lateral to the
spinous process while the patient is in the prone
position.

* To perform a CCeP block with the in-plane
technique, an echogenic nerve block needle is
advanced from the lateral to medial direction to lie
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Fig. 43.1 Surface and muscular anatomy and innervation of the posterior scalp and cervical region,

between the semispinalis cervicis and semispinalis
capitis muscles. A distinct "pop” is usually felt if the
needle is in the right location.

® To perform a CCaP block, an echogenic nerve block
needle is advanced from the lateral 1o medial
direction to lie between the semispinalis cervicis
and the splenius capitis muscles,

¢ To perform a CMP block, the needle is advanced o

lie between the semispinalis capitis and the cervical
multifidus muscles.

¢ For adult patients, an injection of 10 mL of LA

(e.g., 0.25% or 0.5% of bupivacaine) with 10 pg of
dexmedetomidine and 5 pg/ml. epinephrine
bilaterally will provide sufficient spread of analgesia
to the posterior neck and occiput.

» The CCeP is a hyperechoic plane (Figs. 43.4 and 43.7).

The deep cervical artery can be visualized
continuously along the posterior cervical spine at
the level of the articular process in the CCeP.

The deep cervical vein is usually accompanied by
the deep cervical artery, which may be compressed
by the ultrasound probe and can be harder to
visualize, Therefore negative blood aspiration must
be confirmed before depositing the LA to avoid
intravascular injection.

The greater occipital nerve can be visualized in the
CCeP at the upper cervical levels,

The block can be used to cover surgical pain from
upper and/or lower cervical surgery with a posterior
approach,

The black can be performed either before the
incision is made or the surgical wound is closed at
the end of the surgery.

Caution should be taken if the dural sac has been
compromised by the surgical 1eam as this may
increase the risk of intrathecal spread of LA.
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Cervical Paraspinal Interfascial Plane Block

Fig. 43.2 Cross-sectional anatomy of the cervical region at the level of the fifth cervical vertabra, The ultrasound probe is placed in a
iransverse orentation o visualize the cervical multifidus plane (CMP), cervical cervicis plane (CCeP), and cervical capitis plane (CCaP).

COMDIICATIORC
COIVIPLICATIUNS
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Similar to other interfascial plane blocks, local anesthetic
systemic toxicity (LAST) is a potential complication. In

addition, infection is another possible complication; thus a
strict aseptic technique must be applied. Although it has
not yet been reported that a cervical paraspinal interfascial
block abolishes SSEPs and/or MEPs, caution must be used
with a high-volume LA injection.
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Fig. 43.3 Detail of anatomy at the level of the fifth cervical vertebra. The deep cervical artery is situated at the level of the articular
process in the cervical cervicis plane (CCeF),
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Fig. 434 Ulirasound image of cenvical cervicis plane (CCef) block with needle at the level of the fifth cervical vertebra. Pulsatile mation
of deep cervical ariery can be cbserved in real-time ulirascnography.
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- A thoracolumbar paraspinal interfascial plane (TPIP)
block primarily anesthetizes the dorsal rami of the
spinal nerves.

© A low-frequency curvilinear transducer is preferred
for TPIP.

© A TPIP may have a lower risk of compromising the

conduction of ventral rami neurons and lumbar

plexus.

A TPIP block consists of a group of blocks at both the

thoraco- and lumbar regions.

o Lumbar multifidus plane (LMP) and lumbar longissi-
mus plane (LLP) blocks are TRIP blocks at the lumbar
region.

= A LMP block is performed by depositing local anes-
thetic (LA} between the fascial plane of the multifi-
dus and longissimus muscles, whereas a LLP block
deposits LA between the fascial plane of the longis-
simus and iliocostalis muscles.

e Caution should be taken if the dural sac has been
compromised by the surgical team because this may
increase the risk of intrathecal spread of LA,

-

A thoracolumbar interfascial plane (TLIP) block is a novel
regional anesthesia technique that was first described by
William Hand and his colleagues in 2015, The TLIP block
is placed between the paraspinal muscles of the lumbar
multifidus and lumbar longissimus to target the dorsal rami
of the spinal nerves at the lumbar region.

For nomenclatural purposes, paraspinal interfascial
plane blocks at the thoraco- and lumbar regions can be
referred to as TPIP blocks. The two TPIP blocks commonly
performed at the lumbar region are the LMP and LLP
blocks. Several studies have shown these blocks to be effec-
tive in providing adequate analgesia for lumbar spine sur-
geries and reducing in opioid consumption.

Lumbar paraspinal muscles consist of three muscle
groups: the multifidus (MF), longissimus (LS}, and ilio-
costalis (IC). The lumbar spinal nerves emerge from the

intervertebral foramen and split into the dorsal rami and
ventral rami. The dorsal ramus nerve ascends to emerge
onto the posterior surface of the vertebrae at the junc-
tion between the superior articular process (SAP) and
transverse process, where it splits into three branches
{medial, intermediate, and lateral) that then ascend to a
superficial location, usually following the intermuscular
plane (Fig. 44.1). The MF muscle is immediately adja-
cent to the spinous process (5P) in the midline, Last are
the LS muscle and the IC muscle (the most lateral
muscle).

A TPIP block at the lumbar region consists of LMP and
LLP blocks. Each block ¢an be performed in the prone
or lateral position, The prone position is more accessible
and easier to complete because the patient will be in the
same prone position for the surgery. A low-frequency
curvilinear probe is placed in a transverse orientation in
a paramidline position at the level of the surgical lumbar
vertebra,

First, identify the corresponding SP. SAP and tranverse
process acoustic shadows. Using these as landmarks, move
laterally to identify the MF muscle, which is the muscle
adjacent to the SP. The LS muscles are lateral to the MF, and
the IC muscle is lateral 1o the LS (Fig. 44.2). The echotexture
is different among the three muscles (Fig. 44.3).

TECHNIQUE

The LMP block is performed by depositing LA in the fascial
plane between the MF and LS muscles (MF-LS). Using a
10-cm, 21-gauge EchoBlock needle with the bevel up, start
from a lateral-to-medial orientation at an approximate angle
of 30 degrees to the skin. With the in-plane technique,
advance the needle through the belly of the LS toward the
MF and deposit the LA in the plane close to the SAE. An
distinct “pop” is usually felt if the needle is in the right loca-
tion. An LLP block is performed by depositing LA between
the LS and IC muscles (LS-1C).

Typical injection of LA consists of bilateral injections
of 20 mL of 0.25% bupivacaine or 0.2% ropivacaine with
10 pg of dexmedetomidine and 5 pg/mL epinephrine
given bilaterally. Dexmedetomidine helps to prolong the
block, while epinephrine reduces systemic absorption
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Fig. 24.1 Cross-sectional anatomy of the thoracolumbar paraspinal regian at the level of the L2 vertebrae,

and risk of LA system toxicity. To aveid wasting LA,
hvdrodissection with an inactive fluid, such as normal
saline or 5% dextrose with a three-way stopcock, is used.
Correct placement of LA is noted when there is proximal
spread toward the main branch of the dorsal ramus, thus
anesthetizing all the nerves supplying the skin and
muscle of the lumbar area.

¢ Spinal cord stimulator implantation placed with a
posterior lumbar midline incision.

¢ Lumbar spine surgerics, such as lumbar
laminectomy, lumbar fusions, or minimally invasive
surgery (i.e., lumbar microdiscectomy).

= Vertebral fracture surgery.

Idemtification of each muscle may be difficult 10 ascertain, as
these structures may appear as a single larger muscle.
Visualization can be enhanced with lumbar extension
(reverse Trendelenburg of the bed) and slight rotation (right
or lefi tilt of the bed) of the patient. This maneuver results
in displacing the LS muscle over the lateral border of the MF
muscle and better delineates the border of each muscle.
The plane between the MF and LS can be distinguished
using several techniques. First, the two muscles have dif-
ferent echotextures, and the MF muscle has a rounded shape
at 1.2 level. However, at the lower lumbar area, it is much

smaller and triangular in shape. 1n addition, the dividing

plane usually runs between the tip of the SAP and the tip
of the 5P
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Fug. 44.2 Detail of the anatomy of the thoracolumbar paraspinal interfascial plane at the lumbar region and the comesponding structuras.

Thoracelumbar Paraspinal Interfascial Plane Block
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Fig. 44.3 Ultrasound image of the mullifidus, longissimus, and iliocostalis muscles and their comesponding structures.

Some complications may arise from a TPIP block.
Although it is unlikely that the TPIP block will abolish
somatosensory-evoked potentials/motor-evoked poten-
tials, it potentially could cause a reduction in baseline
signal amplitude +/- latency, especially when using a high

volume of LA injection and performing the block at the
end of the surgery, after the surgical wound was closed.
LA systemic toxicity is also a polential complication,
although it has not been reported yet in the literature,
Another possible complication is infection; thus strict
aseptic technique always should be used prior to perform-
ing the block.




External Oblique

Intercostal Fascial
Plane Block

Adeeb Oweidat and Sree Kolli

The lateral cutaneous branches of T7 to T11 can be
blocked by deposition of a large volume of local
anesihetic (LA) deep to the external obligue muscle
at the level of the sixth rib medial to the anterior
axillary line.

* Subcostal transversus abdominal plane (TAP) block
does not cover the upper lateral cutaneous branches
of the abdomen.

* External oblique intercostal (EQI/EQIFP) fascial plane
block is indicated for analgesia of subcostal incisions
used in open procedures like hepatobiliary surgery,
nephrectomy, splenectomy, and cholecystectomy.

= EOI block does not provide visceral analgesia,

® Pneurnothorax can be avoided by aiming the tip of
the needle at the rib as an end point.

¢ EQI catheters can be placed easily for longer dura-
tion of use,

Open abdominal surgeries cause a significant degree of
acute pain and require multimodal analgesia, including
opioids, Fascial plane blocks are known to reduce opioid
requirements without the adverse effects associated with
neuraxial analgesia, which include hypotension, urinary
retention, and epidural hematoma.

In recent years, fascial plane block techniques have been
incorporated as a part of multimodal analgesia for abdomi-
nal surgeries. Optimal analgesia is an integral part of
enhanced recovery after surgery programs designed 1o
improve the patient’s perioperative experience and out-
comes. The role of abdominal plane blocks has gained sig-
nificant stride in that regard. Since then, the oblique
subcostal TAP block has been used for major upper abdom-
inal surgery and in conjunction with the bilateral TAP block
for laparoscopic surgery covering the entire abdominal
wall. In the early description of the oblique subcostal TAP
block, it was proposed that it would provide effective anal-
gesia of the abdominal wall above the umbilicus.

However, siudies failed to demonstrate any cutaneous
sensory blockade of the upper lateral abdomen with the

oblique subcostal. A recent study mapped the analgesic
efficacy of subcostal TAP block, observing that the tech-
nique produces effective analgesia in the anterior abdomi-
nal wall except for the upper lateral abdomen. The EOIFP
block has become the new modified block that can provide
optimal coverage for the anterior and lateral upper
abdominal region.

The external oblique muscle is an abdominal muscle, but
there is an important part of it that lies over the thoracic
cage. It originates from the external surfaces of ribs 5o 12,
running down and medial to insert to the linea semilunaris.
The attaching fibers imerdigitate with those of the serratus
anterior and latissimus dorsi on the lateral side of thorax.
At the midclavicular line medially and inferiorly, the exter-
nal oblique muscle continues as an aponeurosis, via which
it inserts to the linea alba, pubic tubercle, and anterior half
of the iliac crest.

As shown in Fig. 45.1, the thoracoabdominal nerves
originate from the anterior rami of spinal nerves T7 to
T1l. About the middle of their course through the inter-
costal space anterior to the midclavicular line, they give
off a lateral cutancous branch, which pierces the external
intercostal and external oblique muscle to divide subse-
quently into anterior and posterior branches that innervate
the skin of the lateral thorax and abdominal wall as far as
the margin of the rectus abdominis muscle anteriorly. The
terminal part of the thoracoabdominal nerves pass behind
the costal cartilage and continue anteriorly in the plane
between the internal oblique and TAP muscle before pierc-
ing the rectus abdominis sheath as anterior cutaneous
branches supplying the skin of the midabdomen. 1t is the
terminal branches of the thoracoabdominal nerves that
are blocked by both the oblique subcostal TAP block and
the rectus sheath block, which explains the similarity in
cutaneous sensory block distribution, Thus effective anal-
gesia for incisions involving the upper lateral abdomen
requires blockade of the lateral cutaneous branches of T7
to T11 that could potentially be achieved by instilling LA
solution above the costal margin in the thoracic fascial
plane, either deep or superficial to the external oblique
muscle,
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Fig, 45.1 Chest wall anatomy: cross-sectional view. Course of ihe thoraccabdominal nerves T7 to T11.

The black is performed with the patient in the supine posi-
tion with their ipsilateral arm abducted. The ideal position
for the linear ultrasound probe is 1o be placed on the chest
wall in the sagittal orientation between the midclavicular
and anterior axillary lines at the level of the sixth rib. This
is achieved by identifying the sixth rib, either by placing the
ultrasound transducer at the level of the lower costal margin
{tenth rib} and counting cranially, or by identifying the
seventh rib al the level of the xiphoid process and then
moving the transducer one rib cranially. The transducer is
then rotated so the cranial end is directed slightly medially
and the caudal end laterally to produce a paramedian sagit-
tal oblique view with a short-axis view of the ribs, approxi-
mately 1 o 2 cm medial to the anterior axillary line. The
external obligue muscle is idemtified at the level of ribs 6
and 7, in line with the xiphoid process. The layers that can
be identified from superficial 1o deep include subcutaneous
tissue, the external oblique muscle, and the intercostal
muscles between ribs, pleura, and lung. The skin entry
point for the injection is cranial to the sixth rib level just
medial to the anterior axillary line, with the needle advanced
in-plane from a superomedial to inferolateral direction
through the external oblique muscle. The needle tip end
point is the tissue plane between the external oblique and

intercostal muscles at the caudal end of the sixth rib and
between the sixth and seventh ribs (Fig. 45.2). In our prac-
tice, we usually inject 20 mL of either bupivacaine 0.25%
or ropivacaine 0.2% in each side of the bilateral block. The
LA is injected between the external oblique and the inter-
costal muscles, dissecting the tissue plane between the sixth
and seventh ribs, and then the needle is directed caudally
toward the eighth rib. A catheter can be threaded 5 cm
beyond the tip of the Tuohy needle and wunneled away from
the surgical incision (Fig. 45.3, Video 45.1).

Cadaver studies have consistently shown spread of dye
staining of both lateral and anterior branches of intercostal
nerves from T7 to T10. Studies have shown dermatomal
sensory blockade of Té to T10 at the amerior axillary line
and T6 to T9 at the midclavicular reduction in opioid con-
sumplion postoperalively.

All supraumbilical procedures are as follows: chevron inci-

sions for hepatobiliary surgery, open nephrectomy, sple-
nectomy, and open cholecystectomy.
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Fig. 45.2 Sagittal ulrasound image of the external oblique intercostal block showing the needle ip on nb 6 elevating the external
oblique muscle off the nb and intercostal muscles with local anesthebic (LA) injection

Fig. 45.3 External oblique infercostal catheter placed
postaperatively for left subcostal incision in a patent for
nephreclomy.

Neuraxial block is the gold standard for abdominal surger-
ies, but there are concerns about hemodynamic instability,
anticoagulation, urinary retention, and restriction of
ambulation. The EOIFP block may be a valuable therapeu-
tic option in the management of patients with upper
abdominal surgeries, especially in obese patients, where
neuraxial, TAP, and erector spinae plane block techniques
can be more challenging.

The potential advantages of the EOIFP block are that it
is a superficial block: it provides coverage to the lateral
upper abdominal area; and the needlefcatheter insertion
sites are distant from the site of surgery compared with the
other abdominal fascial plane blocks. Thus this block has a
huge advantage for liver transplant patients who are coagu-
lopathic and in need of high-quality analgesia.

Like other fascial plane blocks, the limitation of the EOI
block is that it lacks visceral analgesic coverage. The EQOIFP
block also does not extend below the umbilicus reliably.
There is a potential risk of pneumothorax and LA systemic
Loxicity.

® Pneumothorax is the major complication of this block.
= Proper counting of the ribs is essential for block success,

e When performing the block, aim the tip of the
needle at the corresponding rib as protection from
further advancement.
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ectus Sheath Block
d Catheter in Adults

Samantha Stamper and John Seif

Keay Points

= A high-frequency transducer is preferred for this
block.

« The rectus sheath block provides periumbilical
somatic analgesia from levels T9 to T11 and is used
for surgeries involving a periumbilical incision.

= The block is performed at or slightly above the level
of the umbilicus to avoid injury to the deep epigas-
tric artery.

= Direct visualization of the nerves is not required to
perform a successful rectus sheath nerve block;
instead, identification of the fascial plane is
paramount.

= The branches of the thoracolumbar nerves do not
cross midline; therefore in order to provide a bilat-
oral block, a right and left rectus abdominis block is
performed.

The rectus abdominis muscle receives sensorimotor inner-
vation through thoracolumbar spinal segmental nerves
from spinal levels T7 to L1. These nerves travel in the
fascial plane between the internal oblique and the transver-
sus abdominis muscles to the anterior abdominal wall.

At the lateral border of the rectus abdominis, the apo-
neuroses of the external oblique, internal oblique, and
transversus abdominis muscle combine to form the linea
semilunaris. At this lateral aspect, the theracolumbar spinal
segmental nerves pierce through the rectus abdominis
muscle and create a nerve plexus lo provide motor and
sensation to the rectus abdominis muscles (Fig. 46.1). The
commen aponeurosis splits into anterior and posterior apo-
neuroses Lhat encase the rectus abdominis muscle and nerve
plexus in a sheath,

The rectus sheath is composed of anterior and posterior
aponeuroses that bind the rectus abdominis muscle and
form the rectus sheath. At midline, the anterior and poste-
rior aponeuroses of the right and left rectus abdominis
muscles combine to form the linea alba, a thick fibrous band
of fascia. The thoracolumbar spinal nerves do not cross the
linea alba; therefore a rectus sheath block requires a bilateral
block or two separate catheters to be performed.

It is important to note that the dl:e‘p Epigﬂs[ric artery
provides blood supply to the rectus abdominis muscle and
enters the muscle body at the level of the arcuate ligament.

To avoid this, the block should always be performed at or
above the level of the umbilicus. Beneath the rectus sheath,
the peritoneal cavity can be appreciated with the presence
of abdominal contents, which can usually be observed
during the block.

|
With the patient in a supine position, a high-frequency
linear ultrasound probe is placed in a transverse position
just lateral to the umbilicus (Fig. 46.2). The lens-shaped
rectus abdominis muscle is identified below the ultrasound
transducer, with attention to identifying and avoiding the
deep epigastric artery during the procedure (Fig. 46.3). The
authors recommend sliding the probe lateral from this
position to identify the linea semilunaris. This location
allows for a more direct visualization of the posterior rectus
sheath and a more superficial access to the posterior fascial
plane (Fig. 46.4). Direct identification of the intercostal
nerves is not required in order to complete a successful
rectus sheath block.

In this position, the block needle is inserted in-plane
from the lateral side of the transducer at a 45-degree
angle through the anterior abdominal fascia and rectus
abdominis muscle body. When the needle tip is near the
posterior rectus sheath, an aspiration test followed, by
injection of a small amount of local anesthetic (LA) or
saline, can elucidate the exact location of the needle tip.
For placement of catheters, the authors recommend
using normal saline for this step in order to conserve LA
for ultrasound visualization of LA spread through the
nerve catheter after placement. If intramuscular, the
needle is carefully advanced 1 to 2 mm, followed by an
aspiration test and injection until a satisfactory position
is obtained,

Once confirmed, 10 to 20 mL of LA is injected after
aspiration. During injection, advancement of the needle
under direct ultrasound visualization separates the rectus
abdominis from the posterior fascial sheath to create a
lens-shaped space and ensure coverage of intercostal nerves
while avoiding displacement of the needle as the rectus
abdominis muscle is separated from the posterior fascial
sheath. The authors recommend optimizing this space prior
to attempting catheter insertion (Video 46.1).

Upon placement of a catheter, a negative aspiration,
injection of LA through the catheter, and visualization of
an expanding cavity confirm correct placement.
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Fig. 46.1 A representation of the sensory distribution of the T9 to T11 thoracolumbar spinal nerves in the reclus abdominis muscle.

Fig. 452 A depiction of the preferred orientation 1o perform a rectus sheath biock
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Fig. 46.3 A coronal section showing the path the thoracoabdominal nerves travel to the rectus abdominis muscle. Next to it is an
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Fig. 46.4 An ulirasound image showing an ideal view to perform a successiul block.

The block needle should be inserted from the lateral
side of the transducer at a 45-degree angle or shallower
in order to aveid penetration through the peritoneum.
Normal saline should be used for placement of
rectus sheath catheters in order to conserve LA for

direct ultrasound visualization through the catheter
when placed,

Once proper needle insertion is observed under
ultrasound (rectus abdominis separating from
posterior rectus sheath), 10 to 20 mL of LA can be
injected after a negative aspiration,

During injection, advancement of the needle into
the newly formed lens-shaped space using direct
ultrasound visualization separates the rectus
abdominis from the posterior fascial sheath to
ensure coverage of the intercostal nerves,




Transversus Abdominis

Plane Block (Classic

- Approach)

Loran Mounir-Soliman

ey Points

* The transversus abdominis plane [(TAP) block is a
tissue plane block dependent on the adequate
spread of local anesthetics through the plane—
accordingly, a minimum volume of 20 mL usually is
needed for an effective block,

* Frequently injecting small, incremental amounts of
saline while advancing the needle can identify the
progress of the needle tip through the various tissue
planes.

= When performed appropriately, the TAP block is very
safe and devoid of major complications and can be
placed safely in anesthetized patients.

= For midline incisions, bilateral blocks are needed; the

rectus sheath block may be considered as an

alternative.

The ventral rami of the lower six thoracic nerves (T7-L1)
emerge through the intervertebral foraminae to pass
through the corresponding intercostal spaces and enter a
fascial plane between the transversus abdominis and the
internal oblique muscles of the abdominal muscular wall
(known as the TAP). accompanied by blood vessels. They
follow the curvilinear course of this neurovascular plane to
reach the anterior abdominal wall as far as the semilunar
line at the lateral border of the rectus abdominis muscle
(Fig. 47.1).

‘The abdominal wall consists of three muscle layers: the
external oblique, the internal oblique, and the transversus
abdominis muscles and their associated fascial sheaths. The
three muscles, as well as the parietal peritoneum, are inner-
vated by the ipsilateral ventral rami of T7 to L1. The external
oblique and the anterior lamella of the internal oblique
aponeurosis pass anteriorly to the rectus muscle, forming
the anterior rectus sheath, The aponeuroses from the pos-
terior lamella of the internal oblique muscle and the trans-
versus abdominis muscle pass posteriorly to the rectus
muscle, forming the posterior layer of the sheath. At this
point, the ventral rami of the lower thoracic nerves are
located between the posterior rectus sheath and the recius
muscle. They run medially within the sheath before perfo-
rating the muscle anteriorly, forming the anterior cutaneous
branches. Along their course through the TAP, the lower
thoracic spinal nerves give origin to the lateral cutaneous
branches posterior to the midaxillary line. Within the TAP,

the nerves communicate with each other, forming neural
plexuses in close proximity to the vessels in this neurovas-
cular plane.

A linear high-frequency probe (8-12 MHz) usually is used
for optimal identification of the different muscle layers
and their corresponding fascial sheaths. However, a cur-
vilinear lower-frequency probe (2-5 MHz) may be used
in obese patients, The block can be performed in the
supine or lateral position, with the side to be blocked
upward and a wedge beneath the lower side in order to
stretch the flank on the upper side. The lower costal
margin and the iliac crest are identified, and the probe is
placed in a transverse orientation between the two bony
landmarks at the midaxillary line. The probe is moved
both cephalad and caundad to get the best view of the three
muscles. Scanning too medially may show only two muscle
layers, because the external oblique muscle forms an apo-
neurosis; also, scanning more posteriorly may encounter
the large latissimus dorsi muscle, which may confuse the
view of the muscles.

The fascial layers appear as hyperechoic structures under
ultrasound, giving the muscles their characteristic multiple
striations.

A blunt needle is introduced from the posterior edge of the
probe with the in-plane technique (parallel 1o the ultrasound
beam) and advanced in a medial anterior direction through
the skin, subcutaneous fat, and external and internal oblique
muscles to reach the interfascial layer between the internal
oblique and transversus abdominis muscles (TAP). The end-
point of the needle should be superficial to the transversus
abdominis muscle. Deeper to this muscle, there is a layer of
preperitoneal fat separating it from the peritoneum and the
bowels, which are often identified by their peristaltic move-
ments. A blunt needle is preferred to appreciate the tactile
“pop” when crossing each fascial layer. The intramuscular
location of the needle within the internal oblique muscle is
identified by retraction of the needle when it is released, as
well as swelling of the muscle with injection instead of separa-
tion from the transversus abdominis (Video 47.1).

* The TAP block potentially can provide unilateral
analgesia to the skin, muscles, and parietal peritoneum
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Fig. 47.1 Ultrasound st of the anatomy of the transversus
abdominis plane block.

of the anterior abdominal wall, although the extent of
the block has been reported to be variable in different
studies.

« Bilateral blocks have been used for midline and
transverse incisions.

s — e

Classical TAP has been reported to provide adequate
analgesia following cesarean section, hysterectomy,
hernia repair, kidney transplant, colostomy closure,
and multiple other lower abdominal surgeries.

Both single-shot and continuous catheters have been
used successfully.

The TAP block has been used for patients with
chronic abdominal pain to identify somatic pain
originating from the abdominal muscular wall and
the parictal peritoneum versus visceral pain, which
is transmitted via sympathetic innervation instead

Placement of the needle as far posteriorly as possible
{by the midaxillary line or behind) has the
theoretical advantage of blocking the lateral
cutaneous branches before they exit the TAP.

The internal oblique muscle is usually identified as
the largest muscle among the three abdominal
muscles.

The transversus abdominis muscle sometimes shows
as a hypoechoic band that can be confused with the
underlying preperitoneal fatty layer. The peristaltic
movements of the bowels within the preperitoneal
fatty layer can identify it from the muscular layer.
An out-of-plane technique can be more suitable for
obese patients when the needle path is not seen easily.
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= The wubcostal transversus abdominal plane (TAP)

approach is  wvery useful for supraumbilical
procedures.

The most cephalad sensory dermatomal spread is
T&.

The bilateral continuous catheter infusion can be
used in upper abdominal surgeries where epidural
analgesia is contraindicated or has failed.

The key to success of this technique is the proper

identification of the fascial plane between the trans-
versus abdominis and rectus abdominis muscles.

Extermal
oblique
Internal
oblique
Transverse
abdomins

Needleand A
injection site 7

Internal abliqua
aponaurosis (cul)

External ablique
internal oblique

Transverse
abdominis

There are four paired muscles of the anterolateral abdomi-
nal wall: the anterior rectus abdominis muscles and, from
deep to superficial, the three lateral muscles: transversus
abdominis, internal oblique, and external oblique muscles.
It is only in the lateral abdomen that the three fleshy muscle
bellies overlie one another, because medially they become
an aponeurosis. Under ultrasound, the rectus abdominis
can be easily identified and, by moving laterally, the trans-
versus abdominis muscle will appear beneath the rectus
abdominis muscle. The transversus abdominis has two key
features on ultrasound imaging,. It is usually darker (more
hypoechoic) than other muscles, and it passes beneath the
rectus abdominis muscle (Fig. 48.1).

Medial

— T10 nerve

—T11 narve

— T12 nerve

Fig. 48.1 Anatomy of the anterior abdominal wall.
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The linear ultrasound probe will be placed over the anterior
abdominal wall immediately inferior and parallel 1o the
costal margin. The reclus abdominis muscle will be identi-
fied medially, and then the probe will be moved laterally
until the transversus abdominis muscles are also identified.
Further lateral movement of the ulirasound probe will
demonstrate the lateral abdominal wall muscles (external
and internal obliques and transverse abdominis muscles)
to provide further confirmation of sonographic anatomy.
Using the in-plane approach, the needle will be inserted
from the posterolateral position and advanced anteromedi-
ally until its tip is in the fascial plane between the rectus
abdominis and transverse abdominis muscles, The author
usually injects 20 mL of ropivacaine 0.5% in each side of
the bilateral block (Figs. 48.2-48.4).

Used in supraumbilical procedures.

Bilateral continuous subcostal TAP can be used in
lieu of epidural analgesia for midline supraumbilical
procedures.

When performing the procedure on the right side,
care should be taken not to injure the liver, especially
in patients with hepatomegaly or a thin patient

For the single-shot technique, the author prefers 10
use 22-gauge needles; however, in the continuots
catheter technique, the author inserts the cathete:
via a 17- to 18-gauge Tuohy needle.

Firy. 25 % Position of the patient and the ull_raspund_ machine. Mote that the probe position is immediately inferiar and parallel to the
costal margin, Moving the probe laterally will visualize the reclus abdoeminis and transverse abdominis muscles,
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Fig. 48.3 The in-plane technique for the subcostal ransversus abdominal plane block. The needle direction is from lateral to medial.
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Fig. 48.4 Ultrasound image of the subcostal transversus abdominal plane (TAP) block with needle.
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& The quadratus lumborum (OL) block is a novel
approsch for managing postoperative pain in patients
underpgoing abdominal and hip surgeries.

@ The serzory dermatomal coverage of only the ante-
rior appraach technigue of the QL block can spread
toward the thoracic paravertebral space.

@ There is currently no general consensus on the
mechanism of action of the QL blockade.

& This is a “lissue plane” block and thus requires a

large volume of local anesthetic to obtain a reliable
block.

The QL block was developed from the transversus abdomi-
nis plane (TAP) block to accomplish more extensive post-
surgical analgesia. In 2015, Blanco et al. introduced a
madified QL block technique with an injection site at the
posterior border of the QL muscle, Theoretically, QL blocks
might give better and longer-lasting analgesia compared
with TAP blocks due to the proposed spread to the thoracic
paravertebral space and the sympathetic nerves in the tho-
racolumbar fascia (TLF).

There are three techniques for the QL block. In the QL
I technique, the injection is at the lateral edge of the QL
muscle, superficial to the transversalis fascia (TF). In QL 2,
the injection 1s made at the posterior edge of the QL muscle,
behind the middle layer of the TLE Finally, in the anterior
transmuscular QL block (the QL 3 technique), the injection
will be made into the anterior TLE plane between the QL
and psoas muscles at the L4 vertebral level.

The ultrasound probe is placed in the posterior axillary line
between the iliac crest and the costal margin (Fig, 49.1).
The TF covers the peritoneal surface of the transversus
abdominis muscle and continues posteromedially, covering
the anterior side of the investing fascia of both the QL and
psoas major (PM) muscles. The QL muscle is generally
visualized as hypoechoic relative to the hyperechoic PM
muscle, located anteromedial to the QL muscle.

The QL muscle, surrounded by the TLE is the target of
the injection, not the muscle itself. The three-layered model

of TLF comprises the anterior, middle, and posterior layers.
The posterior layer surrounds the erector spinae muscles;
the middle layer of the TLF passes between the erector
spinae muscles and the QL. muscle; and the anterior layer
is thin and lies anterior to both the QL and PM muscles.
The anterior layer of the TLF turns posterior between the
QL and the psoas and attaches to the anterior aspect of each
transverse process (Fig. 49.2).

At the L3 to Ld levels, the transverse process of the third
or fourth lumbar veriebrae, erector spinae muscle, PM
muscle, and the QL muscle can be identified as the so-called
“shamrock sign” as the QL muscle attaches Lo the tip of the
[FANSVETSe Process,

The external oblique muscle abuts the latissimus dorsi
muscle. With the transversus abdominis muscles, the
internal oblique forms the aponeurosis of the middle
TLF (lateral raphe) posterior to the QL muscle (Fig.
49.2).

® Lateral QL (previously referred to as the QL | block).
The needle can be directed from anterior to posterior
toward the junction of the tapered transversus
abdominis muscle and QL muscle; local anesthetic
{LA) will then be deposited in the lateral border of QL
muscle at the junction of the TF and penetrate the
aponeurotic attachment of the transversus abdominis
muscle (lateral raphe) (Figs. 49.3 and 49.4, Video 49.1).

e Posterior (previously referred to as the QL 2 block). By
advancing the needle more posteriorly, LA can be
deposited posterior to the lateral edge of the QL
muscle, between the QL muscle and the erector spinae
and latissimus dorsi muscles (Figs. 49.3 and 49.4).

e Anterior (previously referred to as the
transmuscular or QL 3 block). The needle can be
advanced either posteriorly through the erector
spinae muscle or anteriorly through the latissimus
dorsi muscle, and then through the muscle
{(transmuscular approach) to deposit the LA in the
fascial plane between the QL and PM muscles (Figs.
49.3 and 49.4),

® Subcostal (paramedian oblique sagittal). The
ultrasound transducer is positioned lateral to the
lumbar spinous process at the L1 to L2 levels, Using
a curvilinear transducer with the orientation marker
of the ultrasound directed cranially, the probe is
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tilted slightly medially. The needle is advanced in

the plane with ultrasound in a caudal to cephalad
direction, through the latissimus dorsi and QL
muscles. Then LA is deposited anterior 1o the QL
muscle, between the QL muscle and the anterior
laver of the thoracolumbar fascia (ATLF)/TE,
observing spread in a cephalad direction close to the
last rib. a lunar-shaped distribution of LA with
anterior displacement of the ATLF (Figs. 49.5 and
49.6).

e Suprailiac anterior. Above the iliac crest, a
curvilinear transducer is placed in a transverse
orientation with slight medial and caudal angulaiion
1o oblain a transverse oblique view at the L5
trangverse process. The ultrasound probe is furiticr
tilted so the lateral end of the ultrasound probe i
more cranial than the medial side of the probe i
avoid the acoustic shadow of the iliac crest. The
needle is advanced in-plane in a lateral-to-media
direction through the latissimus dorsi and QL
muscle 1o position the tip between the QL and PM
muscles, close to the transverse process. Spread is
deemed appropriate when the injectant is seen

Fig. 42.1 Patient in the lateral decubitus posinon for quadratus
lumborum blocks.

External obligua m.

Internal abligue m.
Transversus abdoménis m,
Latissimus dorsi m.

Quadralus lumbanum m.

SOAS major m.

Erector spinae muscles

+—— Subcutaneous tissue

— Posterior thoracolumbar fascia
/ Middie thoracolumbar fascia
; J. Anterior thoracalumbar fascia

Renal fascia
Transversalis fascia
Peritoneum

Fig. 9.2 A schematic ilustration of cross section showing the quadratus lumborum muscle with the different lavers of the
1h-;rac.um:nba fascia (three-layered moded). aye
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Fig. 49.3 A schematc illustration showing the different sites of injection of local anesthetics in relation 1o the quadratus lumborum

muscle,

Madial
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Fig. 49.4 Ulirasound still showing the different sites of inpection

in relation to the quadratus lumborum muscle, £0, External

ablique; E5, erector spinae; 10, internal ablique; LD, latissimus

dersi; PM, psoas major; OL, quadratus lumborum; T4,

msvemus abdominis: TP, ransverse process: VB, verlebral
.

' g
Cranial Caudal
Fig. 49.5 Schematic representation of the subcostal approach
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between QL and PM muscles and wracked medially
toward the L5 transverse process (Figs. 49.7 and
49.8). This approach blecks T10 o L3 nerve
territories and has clinical utility for analgesia in hip
surgery (Figs. 49.7 and 49.8).

* The QL muscle is attached 1o the transverse process
which once identified, provides orienmation for the
operalor.

¢ [f the QL muscle is small and difficult to delineate,
the ipsilateral hip joint is abducted and laterally
flexed toward the same side of the black to contract
the QL muscle; this temporarily thickens the QL
muscle.

e While performing the block, especially with the

subcostal approach, it is common to visualize the
lower pole of the kidney and lower lobe of the liver
and spleen; great caution should be taken to aveid
any visceral injury.

The QL muscle acts like a bed for the kidney, which
helps to identify the QL muscle.

Apply color Doppler before inserting the needle to
detect the abdominal branches of the lumbar
arteries on the posterior aspect of the QL muscie o
any other vessels close to the transverse prociess amd
on the intended track of the needle.

The tactile feedback (as pops) when encounte
different fasefal planes is not aceurate in QL bk

due to the complexity of the anatomical plancs
multilayered components of the TLF muscle, @l
the approach angle. Therefore visual confirmanu

e

Local anesthotic
(LAY

thoratekimbar fascia

Cairyntnzr

Fig. 4%.5 Uitrasound picture of the local anesthetics (LA) spread and catheter placement thr
the quadratus lumborum {OL) and tharacolumbar fascia. (B} Batween the OL and psoas maj
postenior infenor.

ough the subcostal approach. (/) Between
ar (PM). LD, Latissimus dorsi; 5P, serratus
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_ Ultrasound-Assisted
Neuraxial Blocks

Nour El Hage Chehade, Adeeb Oweidat, and
Loran Mounir-Soliman
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+ Propurccture ultrasound scanning is helpful to deter-
mine ihe midline, the depth from the skin, the
desired level, and rotation of the spine.

= There are limited outcome data on the real-time
guidance with ultrasound for neuraxial blocks.

= The available evidence suggests that the use of ultra-
sound may improve the success rate from the first
attempt, reduce the number of attempts, and
improve patient comfort.

= The use of ultrasound for epidural access is a techni-
cally advanced procedure. It reguires adequate
experience with ultrasound scanning and ultrasound
guidance of the needle at deep levels with a less-
than-optimal angle of incidence.

& Thorough understanding of the neuraxial anatomy
and conceptual visualization of the different echo-
genic structures are necessary for ultrasound scan-
ning of the epidural space.

AN SONOANATOMY OF

o Y

SPRINE i

There are a couple of challenges for ultrasound imaging of
the spine and the neuraxial structures. The depth of the
spine makes it less than optimal for the ultrasound beams
to produce higher-resolution images. Also, the osseous
structure of the laminae and articular processes conceal the
underlying neuraxial structures of interest to perform the
blocks. Accordingly, it is important to have a visual appre-
ciation of the spine outline when scanning for neuraxial
blocks. In general, scanning the vertebrae demonstrates
three hyperechoic levels: the spinous process, the lamina,
and the articular facet joint with the transverse process.
The spinous processes reflect the most superficial hyper-
echoic shadow closest to the skin. Careful scanning cepha-
lad and caudad to the spinous process reveals an acoustic
window representing the interspinous space occupied with
the less echogenic interspinous ligaments, Carelul examina-
tion of the deeper layer of the ligamentous structure shows
the ligamentum flavum as a slightly more hyperechoic layer
separated [rom another hyperechoic layer—the posterior
dura—by the u}:jt,ilu'ﬂl space. The spinal canal underneath
represents the next anechoic layer deeper 10 the posterior
dura. On the deeper side of the spinal canal (anterior), the

anterior dura with the postlongitudinal ligament form a

hyperechoic structure called the anterior complex,

With the aforementioned echogenic characteristics of the
neuraxial structures in mind, scanning the different levels
of the spine leads to different views. These views also depend
on the scanning plane and orientation of the ulirasound
beam. There are four main planes for scanning the spine:
1. Median sagittal plane: A longitudinal scan along

the mitedline, where the beam of the ultrasound is

parallel to the long axis of the spine on top of the

spinous processes (unless the spine is scoliotic),

2. Paramedian sagittal plane: A longitudinal scan
parallel 1o the long axis of the spine but off the
midline. The beams are usually on top of the
transverse processes or the laminae, with the
articular joints (facets) between the adjacent spines.

3. Paramedian sagittal oblique plane: Another
longitudinal plane that is similar to the paramedian
sagittal plane, with the probe tilted medially 10
direct the beams toward midline. The ultrasound
beams usually travel across the laminae, with the
intervertebral foraminae in between. Access to the
figamenmts, dura, and spinal canal are usually accessed
with the beam within the interlaminar windows,

4. Transverse axial view: A transverse view where the
beam of the ultrasound is perpendicular to the long
axis of the spine. With this orientation, the
ultrasound probe can be on top of the vertebra
where the beams cross the spinous process. lamina,
and transverse process, [f the beam is steered
cephalad or caudad by sliding or tilting the probe,
an interspinous {(acoustic) window is obtained. The
ligaments, epidural space, and spinal canal can be
visualized through this window.

Except for the caudal block, the neuraxial scanning
requires a low-frequency (2-5 MHz) curvilinear probe
1o see the depth of the target structures. In addition o
the ability to scan deeper structures, the curved probe
provides a divergent beam, giving a wider field of vision
and helping to scan the different anatomic structures in
a single view compared with the limited field of vision
produced by the linear probe. The disadvantage of the
curved probe is a lack of spatial resolution at deeper
levels, making viewing the needle a challenge when

- e o g
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performing the block. Scanning the spine for procedures
can be performed in the sitting, lateral, and prone posi-
tions, depending on the level of the procedure to be
performed.

CAUDAL EPIDURAL BLOCK

Because the sacral hiatus is a relatively superficial struc-
ture, a high-frequency linear probe (6-13 MHz) usually is
used for caudal scanning. The block is performed in the
prone position with a pillow under the pelvis. The ultra-
sound probe is placed in a transverse orientation (axial
scan) to scan the sacral cornua as two hvperechoic,
reversed U-shaped structures. The sacrococcygeal liga-
ment connecting both cornua, forming the superficial

boundary of the sacral hiatus, appears as a hyperechoic
band. The anterior boundary of the sacral canal is formed
by the posterior surface of the sacrum, which appears as
another hyperechoic linear structure anterior (deep) to the
sacrococcygeal ligament. The sacral hiatus appears as a
hypoechoic space between these two described hyper-
echoic lines. With this view, the needle can be introduced
in the middle of the probe, perpendicular to the ulira-
sound beams, out-of-plane approach, and targeting the
sacral hiatus (Fig. 50.1). With the sacral hiatus and the
sacrococcygeal ligament identified, the ultrasou] probe
can be rotated 90 degrees to the median sagittal plee scan.
A long-axis view of the sacrococcygeal ligament sad 1he
sacral bony surface is reidentified, with the sac= hiatus
between them. The needle is introduced with ap 10 -place
approach from the caudal end of the probe to be able 10

Sacrum

Sacral hiatus
Sacral cormnua

Ischial spine

Cocoyx

Needle

Sacrococcygeal — |
membrane

Sacral cormua

Local
anesthetic

Sacral canal

Fig. 50.1 The transverse approach to the caudal block. The needle is introduced in the out-of-plane direction in the middie of the

probe tasgeting the sacral higtus.
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visualize the whole length of the needle. Crossing the tip
of the needle through the sacrococeygeal membrane into
the sacral canal is associated with a “pop” feeling, espe-
cially when using a blunt needle. The sacral bony structure
impedes the ultrasound beams, making it hard to see the
tip of the needle or the spread of the injection in the sacral
canal (Figs. 50.2-50.4, Video 50.1).

LUMBAR NEURAXIAL BLOCKS

The lumbar epidural space can be scanned in the sitting,
lateral, or prone position. The author’s preference is to
perform the scan in the sitting position to allow for
macimum flexion of the spine (similar to the familiar land-
mark technique). A curved array probe is used for the
ultrasonic views. ldentification of the desired level for the
procedure starts by placing the ultrasound probe parallel
Lo the long axis of the sacrum in the midline to identify its
flat surface. The probe is moved cephalad slowly to identify
the intervertebral space between L5 and 51 as an interrup-
tion of the continuity of the sacral line. The ultrasound
probe can be advanced longitudinally cephalad along this
midline plane or turned 90 degrees to obtain a transverse
view of the L5 to S1 interspinous space and then advanced
cephalad, keeping the transverse orientation of the probe.
Counting the spinous processes (hyperechoic shadows)
and the interspinous spaces (hypoechoic windows) will
help identify the desired level for the block.

Ultrasound can be used for all neuraxial procedures
including epidural insertion and spinal anesthesia, as well
as epidural blood patch. Literature has proven the beneft
of ultrasound use in neuraxial procedures, especially for

Fig. 50.2 The median approach to the caudal block. Mote that
the probe is in the long-axis view of the sacrococcygeal ligament,

difficult placement, in elderly, obese, and scoliotic patients,
and patients with anatomical abnormalities.

Ultrasonography can be used in two basic ways for the
lumbar neuraxial block: preprocedural ultrasound scan-
ning or real-time ultrasound guidance.

The key ultrasonographic views for the lumbar neuraxial
block include the transverse midline interlaminar and para-
sagittal oblique views.

Transverse Axial View

This view is used mainly to identify the midline when the
spinous process is not easily palpable. There are two basic
transverse views for lumbar neuraxial block: the transverse
spinous process view and the transverse interlaminar view.

The spinous process and the lamina on either side are
seen as a hyperechoic reflection anterior to which there is
a dark acoustic shadow that completely obscures the under-
lying spinal canal and thus the neuraxial structures. It looks
like a bat shape. The probe can also be moved slowly caudad
or cephalad to identify interspinous spaces. The ligamen-
tous structure on the interspinous space is identified at the
desired level by its characteristic echogenic appearance (as
discussed previously), as well as the ability to see the deeper
spinal canal. The needle is usually advanced from lateral to
medial, parallel to the ultrasound beam (in-plane approach)
until the tip of the needle is engaged in the ligamentum
flavum. This approach is considered mainly in pediatrics.
The epidural space is usually identified by the traditional
loss of resistance technique by putting the ultrasound probe
down (single operator) or through a second operator.

Tip: The lateral edge of the ultrasound probe can be lifted
off the skin to obtain a needle insertion point closer to the
midline (Figs. 50.5 and 50.6).

Parasagittal Views

There are five basic sagittal plane views of the lumbar
spine, according to the probe location and direction. By
moving the probe from a lateral position to the midline
of the neuraxis, sagittal transverse process, sagittal articu-
lar process, sagittal lamina, and sagiltal spinous process
views can be obtained. From the probe position having
the sagittal articular process view or sagittal lamina view,
the parasagittal oblique view can be obtained by tilting
the probe medially toward the midline. The parasagittal
oblique view can be used for the determination of the
optimal intervertebral level for puncture by identifying
the intervertebral level at which the posterior complex
(ligamentum flavum-dura complex) and the anterior
complex (the posterior longitudinal ligament, posterior
surface of the vertebral body, and intervertebral disc) are
visualized most clearly. It is also useful to select the inter-
vertebral level at which the interlaminar height is the
largest. The position and orientation of the ultrasound
probe used is illustrated in Fig. 50.7A,B.

The parasagittal view of the sacrum and lower lumbar
spine helps to identify the level of the vertebrae and the
level of the block. Place the ultrasound transducer over the
sacrum to identify the flat sacral bone, L5 transverse
process, and L5 to S1 intervertebral space. Mark the levels
and the intended level of insertion.
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Fig. 50.3 Anatomy of the caudal block with the median approach. Note the in-plane position of the needle and its direction from caudal

te cephalad position.

These views can be used to estimate the accurate vertebral
level before the neuraxial procedure. Place the transducer in
a parasagittal plane, a few centimeters lateral to the midline
and cephalad to the sacrum. Move slowly toward the midline
to identify the three different views mentioned earlier.

Parasagittal Transverse Process View. The firsl view
scanned is the parasagittal transverse process view. The
transverse processes of successive vertebrae appear as
hyperechoic curvilinear structures with deeper hypoechoic
shadows as dark fingerlike projections, often described as
a “trident sign.” The view is illustrated in Fig. 50.8.

Parasagittal Articular Process View. From the parasagit-
tal transverse process view, slide the transducer medially
until a continuous white hyperechoic line of humps is
evident, known as the “camel hump sign.”

Paramedian Sagittal Oblique View. After identifying the
appropriate level (as described earlier), the probe is oriented
in a paramedian sagittal oblique view (as discussed earlier)
to allow identification of the epidural space through the
interlaminar acoustic window. This is the most important
view in sagittal scanning 1o identify interspaces and mark
the skin appropriately. This view is also helpful in identify-
ing the most patent spaces for a paramedian approach to a
neuraxial procedure.

The epidural space shows as a hypoechoic space
between two hyperechoic lines: the ligamentum flavum

(posteriorly) and posterior dura (anteriorly). The spinal

canal (intrathecal space) can be seen as an anechoic space
anterior to the posterior dura, separating it from the
anterior complex that appears as a hyperechoic
structure.

The needle can be approached through either an in-plane
technique from the caudad side of the probe or an out-of-
plane technique from the medial side (midline) of the
middle of the probe (Fig. 50.7).

THORACIC NEURAXIAL BLOCKS

The same concepts and ultrasound techniques are used for
scanning the thoracic spine. However, due to the acute
angulation and narrower interspinous and interlalnunar
spaces, the echogenic windows are more challang|f1:g to
identify and the neuraxial structures are less wisible.
Paramedian scanning is the only relevant lechn_ique for
approaching the thoracic epidural space {espffmlh'_ the
midthoracic segments with the maximum angulation).
Usually, ultrasound is used to guide the needle to t_he upper
edge of the corresponding lamina, and loss of resistance is
used to guide the needle lhmugh the ligamentum ﬂa'_-'um
and epidural space. Pﬂramgiual windows ::aln be obtained
by beginning laterally with identification of ribs and pleura,
then sliding medially, identifying the transverse process,
articular process, and lamina.



Fig. 50.4 Ultrasound machine position during caudal bleck performance. Mote that the probe is in the long-axis view of the spine.
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Spinal cord /

Dura mater

Epidural space
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Fig. 50.5 The transverse axial view for the lumbar neuraxial block.
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PEARLS |

* Echogenic Tuohy needles can be helpful to identify
the tip of the needle.

s Usually, loss of resistance is needed to confirm the
position of the needle tip within the epidural
space.

* [n pediatric patients and thin patients, some
changes can be identified with loss of resistance to
saline, a characteristic of correct needle placement,
mainly:

Widening of the epidural space with anterior
displacement of the posterior dura.
Compression of the thecal sac can be seen
occasionally.

Doppler flow of the injected fluid (mainly in
small children).

Spring-loaded syringes have been introduced to
the market recently. They make it possible to
perform real-time ultrasound-guided access o
the epidural space, with loss of resistance
confirmed by a single operator.

Fig. 50.6 Patient and ulirasound machine positions for the lumbar neuraxial bleck using the transverse axial view.
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the interlaminar acoustic windows
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Fig. 50.8 Image illusirating an ulirasound view of the parasagitial transverse process (TF) view.




Spinal Block

David L. Brown and Ehab Farag

Key Poinis

¢ Spinal an=sthesia is unparalleled in that a small mass
of local anesthetic can produce dense surgical
anasthesia.

® Bupivacaine is the ideal drug for spinal anesthesia.

* |dentification of the lamina at 1 cm lateral to the
spinous process is very crucial for a successful para-
median approach.

® The use of a 25-gauge spinal needle is very helpful
to avoid postdural puncture spinal headache,

* The Taylor technique is a paramedian approach that
is performed at the LS to 51 interspace, the largest
interlaminar interspace of the vertebral column,

Spinal anesthesia 15 unparalleled in that a small mass of
drug, virtually devoid of systemic pharmacologic effect,
can produce profound, reproducible surgical anesthesia.
Further, by allering the small mass of drug, very different
types of spinal anesthesia can be produced. Low spinal
anesthesia, a block below T10, has a different physiologic
impact than does a block performed to produce higher
spinal anesthesia (above T5). The block is unexcelled for
lower abdominal or lower extremity surgical procedures,
However, for operations in the midabdomen to upper
abdomen, light general anesthesia may have to supplement
the spinal block because stimulation of the diaphragm
during upper abdominal procedures often causes some dis-
comfort. This area is difficult to block completely through
high spinal anesthesia because to do so requires blockade
of the phrenic nerve.

Patient Selection. Patient selection for spinal anesthesia
often places too much emphasis on a side effect of the
technique—namely, spinal headache—than on the applica-
bility of the technique in a given patient. It is clear that the
incidence of spinal headache increases with dec reasing age
and female sex; however, with proper technique and selec-
tion of needle size and tip configuration, the incidence of
headache should not preclude the use of spinal anesthesia
in young, healthy patients if the block has advantages over
epidural anesthesia, Almost any patient who must have a
lower extremity operation is a candidate for spinal anesthe-
sia, as are most patients scheduled for lower abdominal

surgery such as inguinal herniorchaphy and gynecologic,
urologic, and obstetric procedures.

Pharmacologic Chaice. In the United States, three local
anesthetics are commonly used to produce spinal anesthe-
sia: lidocaine, tetracaine, and bupivacaine. Lidocaine is a
short- to itermediate-acting spinal drug; tetracaine and
bupivacaine provide intermediate- to long-acting blocks.
Lidocaine, without epinephrine, is often chosen for proce-
dures that can be completed in 1 hour or less. It is likely
that the lidocaine mixture most commonly used is still a

% solution in 7.5% dextrose, although increasingly, anes-
thesiclogists are using 1.5% to 2% concentrations of lido-
caine without dextrose as alternatives. When :,'[J'm::ph[im:
(0.2 mg) is added to lidocaine, the useful length of clinical
anesthesia in the lower abdomen and lower extremities is
approximately 90 minutes. Tetracaine is packaged both as
Miphanoid crystals (20 mg) and as a 1% solution (2 mL
total). When dextrose is added to make tetracaine hyper-
baric, the drug generally produces effective clinical anes-
thesia for procedures of up to 1.5 to 2 hours in the plain
form, for up to 2 to 3 hours when epinephrine (0.2 mg) is
added, and for up 1o 5 hours for lower extremity procedures
when phenylephrine (5 mg) is added as a vasoconstrictor.
Bupivacaine spinal anesthesia is commonly carried oul with
0.5% or 0.75% solution, either plain or in 8.25% dextrose.
My impression s that the clinical difference between 0.5%
tetracaine and 0.75% bupivacaine as a hyperbaric solution
is minimal. Bupivacaine is appropriate for procedures
lasting up to 2 or 3 hours,

In addition, local anesthetics can be mixed to produce
hypobaric spinal anesthesia. A common method of formu-
lating a hypobaric solution is to mix tetracaine ina 0.1% to
0.33% solution with sterile water. Also, lidocaine can be
mixed to provide useful hypobaric spinal anesthesia. This
drug is diluted from a 2% solution with sterile water to
make a 0.5% solution using a total of 30 to 40 mg,

Many anesthesiologists avoid vasoconstrictors for fear of
somehow increasing the risk with spinal anesthesia. These
anesthesiologists believe that phenylephrine or epinephrine
has such potent vasoconstrictive action that it puts the
blood supply of the spinal cord at risk. There are no human
data supporting this theory. In fact, because most local
anesthetics are vasodilators, the addition of these vasocon-
strictors does little more than maintain spinal cord blood
flow ata basal level. Commonly used doses of vasoconstric-
tors are 0.2 to 0.3 mg of epinephrine and 5 mg of phenyl-
ephrine added 1o the spinal anesthetic.
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PLACEMENT

Anatomy. As oullined in Chapter 50, Ultrasound-Assisted
Meuraxial Block, the spinous processes of the lumbar ver-
tebrae have an almost horizontal erientation in relation 1o
the long axis of their respective veriebral bodies (Fig. 51.1).
When a midline needle is inserted between the lumbar
vertebral spinous processes, it is most effective if it is placed
almost perpendicularly in relation to the long axis of the
back. To facilitate spinal anesthesia, the anesthesiologist

Skin
Subcutanecus lal
Supraspinous
ligament

Interspanous
ligament

Ligamentum flayum

Epidural space

Dura maler

constantly must keep in mind the midline of the patient’s
body and the neuraxis in relation to the needle, As illus-
trated in Fig. 51.1, as a midline needle is inserted into the
cercbrospinal fluid (CSF), it logically must puncture the
skin, subcutaneous tissue, supraspinous ligament, interspi-
nous ligament, ligamentum flavum, epidural space, and
finally, the dura mater and arachnoid mater to reach the
CSE

Position. Spinal anesthesia is carried out in three princi-
pal positions: lateral decubitus (Fig. 51.2), sitting (Fig. 51.3),
and prone jackknife (Fig. 51.4). In both the lateral decubitus

and arachnoid

Cauda equina

Fig. 51.1 Spinal block: functional lumbar anatomy.

Fig. 51.2 Spinal block: laleral decubitus position.

—_——
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Fig. 51.3 Spinal block: sitting position. (A) Lateral view.




and sitting positions, a well-trained assistant is essential if
the block is to be easily and efficiently administered by the
anesthesiologist. As illustrated in Fig. 51.2, the assistant can
help the patient assume the position of legs flexed on the
abdomen and chin flexed on the chest, This is most easily
accomplished by having the assistant pull the head toward
the chest, place an arm behind the patient’s scan also be
facilitated by using an appropriate amount of sedation that
allows the patient to be relaxed yet cooperative,

In some patients, the sitting position can facilitate loca-
tion of the midline, especially in obese patients or in those
with some scoliosis that makes midline identification more
difficult. As illustrated in Fig. 51.3A, the patient should
assume a comfortable sitting position, with the legs placed
over the edge of the operating table and the feet supported
by a stool. A pillow should be placed in the patient’s lap and
the patient’s arms allowed 1o drape over the pillow, resting
on the flexed lower extremities. The assistant should be
positioned immediately in front of the patient, supporting
the shoulders and allowing the patient to minimize lumbar
lordosis, while ensuring that the vertebral midline remains
in a vertical position (see Fig. 51.3B).

Sometimes, it is more efficient to place the patient in a
prone jackknife position before administering the spinal
anesthetic (sce Fig, 51.4). An assistant is not as essential for

Spinal canal

Fig. 51.5 Spinal block: lumbar vertelbra, Lumbar lordosis is
present because the positioning is inadequate.

Spinal Block

this technigue as for the lateral decubitus and sinting posi-
tions, although to make the most efficient use of operating
room block time, it is often helpful for the assistant to posi-
tion the patient in the prone jackknife position while the
anesthesiologist readies the spinal anesthesia tray and
drugs,

In all three positions, the goal is to place the patient so
that the midline is readily identifiable and lumbar lordosis
is reduced. Fig. 51.5 shows what the lumbar anatomy looks
like when the patient’s lumbar lordosis has been ineffec-
tively reduced by poor positioning. As illustrated, the intra-
laminar space is small and difficult to enter with a needle
in the midline. In contrast, Fig. 516 illustrates how effective
posilioning can open the intralaminar space to allow easy
aceess for subarachnoid puncture.

Needle Pineture. One of the first decisions to be made
in considering spinal anesthesia is what kind of needle to
use. Although there are many eponyms for spinal needles,
they fall into two main categories: those that cut the dura
sharply and those that disrupt the dural fibers by spreading
them with a cone-shaped tip. The former category includes
the traditional disposable spinal needle, the Quincke-
Babcock needle; the latter category comprises the Greene,
Whitacre, and Sprotte needles. If a continuous spinal tech-
nigue is chosen, the use of a Tuohy or ather thin-walled,

Spinal canal

Fig. 51.6 Spinal block: lumbar vertebra. Lumbar lordosis is
reversed with ideal spinal positioning.
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curve-tipped needle will facilitate passage of the catheter.
To make a logical choice of a spinal needle, the risks and
benefits of each must be understood. The use of small
needles reduces the incidence of postdural puncture head-
ache; the use of larger needles improves the tactile sense of
needle placement, thus increasing operator confidence.

Probably, the risk-benefit calculation is not as simple as
this. For example, the use of a small needle, such as a
27-gauge needle, will not decrease the incidence of head-
ache in younger patients if a number of "passes” through
the dura are required before CSF flow is recognized.
Likewise, a larger needle, such as a 22-gauge Whitacre
needle, may result in a lower incidence of postdural punc-
ture headache if the subarachnoid needle location is recog-
nized on the first pass. Different needle tip designs result
in differences in the incidence of postdural puncture head-
ache, even when needle sizes are comparable,

With the patient in the proper position, the anesthesiolo-

gist uses the palpating hand to clearly identify the patient’s
intervertebral space and midline. As illustrated in Fig. 51.7
(Step 1), the anesthesiologist can effectively carry out this
important maneuver by moving the fingers of the palpating
hand alternately cephalocaudad and rolling them from side
to side. When the appropriate intervertebral space has been
clearly identified. a skin wheal is raised over the space. Next,
an introducer is inserted into the substance of the interspi-
nous ligament, taking care to firmly seat it in the midline
(Fig. 51.7, Step 2). The introducer is grasped with the pal-
pating fingers and steadied while the other hand holds the
spinal needle, somewhat like a dart, as illustrated in Fig.
51.7 (Srep 3). With the fifth finger of the needle hand used
as a tripod against the patient’s back. the needle, with bevel
(if present) parallel to the long axis of the spine, is advanced
slowly to heighten the sense of tissue planes traversed, as
well as to avoid skewing the nerve roots, until a character-
istic change in resislance is noted as the needle passes
through the ligamentum flavum and dura, The stvlet is then
removed, and C5F should appear at the needle hub. IT it
does not, the needle is rotated in 90-degree increments until
CSF appears. If CSF does not appear in any quadrant, the
needle should be advanced a few millimeters and rechecked
in all four quadrants. If CSF still has not appeared and the
needle is al a depth appropriate for the patient, the needle
and introducer should be withdrawn and the insertion steps
repeated, because the most common reason for lack of CSF
return is that the needle was inserted off the midline.
Another common error preventing subarachnoid place-
ment is insertion of the needle with oo great a cephalad
angle on the initial insertion (Fig. 51.8).

Onee CSF is freely obtained, the dorsum of the anesthe-
siologist’s nondominant hand steadies the spinal needle
against the patient’s back while the syringe containing the
therapeutic dose is attached 1o the needle. CSF is again freely
aspirated intothe syringe and the dose is injected. Sometimes,
when the syringe has been attached 1o a needle from which
C.5F was clearly previously dripping, aspiration of additional
C5F becomes impussiblt. As illustrated in Fig. 51.9, one
technique that can be used to facilitate CSF aspiration is to
“unscrew” the syringe plunger (see Fig. 51.9A), rather than
providing constant steady pressure {see Fig. 51.9B).

After the local anesthetic has been injected, the patient
and the operating table should be placed in the position

appropriate for the surgical procedure and the drugs being
used. The midline approach 1o subarachnoid block is the
technique of first choice because it requires anatomic pro-
jection in only two planes, and the needle insertion plane
is a relatively avascular one. When difficulties with needle
insertion are encountered with the midline approach, an
option is to use the paramedian route, which does not
require the same level of patient cooperation or reversal of
lumbar lordosis to be successful. As illustrated in Fig. 51.10,
the paramedian approach exploits the larger “subarachnoid
target” that exists if a needle is inserted slightly lateral 1o
the midline. In the paramedian approach, the palpating
fingers should identify the caudal edge of the cephalad
spinous process of the intervertebral space chosen. and a
skin wheal should be raised 1 cm lateral and 1 cm ~audal
to this point. A longer needle, such as a 4-cm, 22-auge
short-beveled needle, is then used to inhltrate the deeper
tissues in a cephalomedial plane. The spinal introducer and
needle are then inserted 10 to 15 degrees off the sagittal
plane in a cephalomedial plane, as noted in Fig. 51.10. As
with the midline approach, the most common error made
with this technique is to angle the needle too far cephalad
in its initial insertion. Once the needle contacts bone with
this approach, it is redirected in, slightly cephalad. Il bone
is again contacted after the needle has been redirected but
at a deeper level, this needle redirection is continued
because it is likely that the needle is being “walked up” the
lamina toward the intervertebral space. After CSF is
abtained, the block continues in the same way as that
described for the midline approach.

A variation of the paramedian approach is the lumbosa-
cral approach of Taylor. The technique is carried out at the
L5 to 51 interspace, the largest interlaminar interspace of
the vertebral column. As illustrated in Fig. 51.11, the skin
insertion site is 1 cm medial and | cm caudal to the ipsi-
lateral posterosuperior iliac spine. Through this point, a
12- 1o 15-cm spinal needle is inserted in a cephalomedial
direction toward the midline. Il bone is encountered on the
first needle insertion, the needle is “walked off " the sacrum
into the subarachnoid space, as in the method used for a
lumbar paramedian approach. Once CSF is obtained, the
steps are similar to those previously outlined.

POTENTIALPROBLEMS

The complication most feared by patients and many anes-
thesiologists after spinal anesthesia is neurclogic injury.
However, the risk-benefit calculation of neurologic injury
after anesthesia must include those cases that are possible
after general anesthesia, These comparisons may show that
the incidence of neurologic injury after spinal anesthesia is
in fact lower than that afier general anesthesia. However,
this statement must remain speculative.

In patients in whom the spinal block level has to be
precisely controlled or whose operation is expected to
outlast the usual duration of the anesthetic drugs, 2 continu-
ous spinal catheter may be used. However, when using a
continuous spinal technique, one should be cautious about
repeating local anesthetic injections if the block height does
not reach the predicted levels, Neurotoxicity (cauda equina
syndrome) is hypothetically possible when the spinal
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Fig. 51.7 Spinal block: technique,
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Fig. 51.8 Spinal block: avoiding 00 large a cephalad angle on insertion.

catheter position allows local anesthetic concentrations o
reach higher than expected levels.
A more common complication ol spinal aneslhmm is
postoperative headache. Factors that influence the inci-
dence of postdural puncture headache are age (more fre-
quent in vounger patients), sex (more likely in female
patients), needle size (more frequent with larger needles),
needle bevel orientation (increased incidence when dural
fibersarecuttransversely), pregnancy (incidenceincreased),
and number of dural punctures necessary to obtain CSF
{more likely with multiple punctures). Perhaps more
important to physicians than knowing the factors resulting
in an increased incidence of postdural puncture headache
is the knowledge of how and when to carry out definitive
therapv—that is, an epidural blood patch. To use spinal
anesthesia effectively, epidural blood patching, when indi-
cated, must be used early. The success rate from a single
epidural blood patch should be in the 90% 1o 95% range
and if a second patch is required, a similar percentage
should be obtainable,

One other common side effect of spinal anesthesia is the
appearance of a backache in approximately 25% of patients,
FPatients ofien blame “the spinal” for the backache, but when
looked at systematically, it appears that just as many patients
have backaches after general anesthesia as after spinal anes-
thesia. Thus backache after neuraxial block should not be
attributed immediately to “needling” of the back.

Probably the most important factor contributing to success
with spinal anesthesia in the day-to-day life of an anesthe-
siologist is the efficiency of the technique. If nurses and

surgeons are to be advocates of spinal anesthesia, its use
cannot measurably add time to the surgical day. Thus one
should plan ahead to maximize efficiency. Often over-
looked in this maxim is the fact that if properly sedated,
patient preparation for the operation can begin almost as
soon as the block is administered.

Intraoperatively during high spinal anesthesia (often
during cesarean section), patients occasionally complain of
dyspnea. This often appears to be a result of loss of chest
wall sensation rather than of significantly decreased inspira-
tory capacity. The loss of chest wall sensation does not allow
the patient lo experience the reassurance of a deep breath.
This impediment to patient acceptance often can be over-
come simply by asking the patient 1o raise a hand in front
of their mouth and exhale forcefully. The tactile apprecia-
tion of a deep exhalation often seems to provide the needed
reassurance.

If spinal anesthesia has been used and a neurologic com-
plication is noted after surgery, it is essential to obtain an
early neurologic consultation. In this way, an unbiased con-
sultant can examine the patient and determine whether the
“new” neurologic finding preexisted, is related to a periph-
eral neuropathy, or, more rarely, is potentially related 1o the
spinal anesthetic. Latent eleciromyographic alterations
associated with denervation due to neurologic injury take
time 1o develop in the lower extremities (14-21 days).
Therefore after a potentially spinal anesthesia-related lesion
has been identified, electromyographic studies should be
obtained early to establish a preblock baseline and allow
serial comparison.

It is also useful to consider adding fentanyl (15-25 pg)
rather than epinephrine to some shorter-acting spinal local
anesthetic mixtures (e.g., lidocaine) because it prolongs the
effective sensory block without measurably prolonging the
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Fig. 51.% Spinal block: syringe technigue to facilitate aspiration of cerebrospinal fluid. (A) Unscrew the syringe plunger. (B) Avoid

applying constant aspiration.

motor block or the time to voiding. This is especially useful
in selected surgical outpatients,

Another way to titrate spinal anesthesia for outpatients,
or any surgical procedure in which the length of surgery is
difficult to predict, is to use a combined spinal-epidural
technique. In this technique, an epidural needle is placed in
the epidural space in a standard fashion, and then a small-
gauge spinal needle is advanced through the epidural needle
into the CSFE A spinal local anesthetic mixture is then

injected and matched to the projected length of the shortest
surgical procedure planned. After removal of the spinal
needle, an epidural catheter is inserted into the epidural
space. At this point, if the surgical procedure lasts longer
than anticipated, the epidural catheter can be injected with
a local anesthetic appropriate for the anticipated surgical
needs. This combined spinal-epidural technique provides
flexibility for both spinal and epidural anesthesia in selected
patients,

e
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Fig. 51.10 Spinal block: paramedian technigue.
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Fig. §1.11 Spinal block: LS 1o 51 paramedian technigue (Taylor approach).



Epidural Block

David L. Brown and Ehab Farag

tay Feints

s An epidural block can be performed in the cervical,
thoracic, and lumbar regions of the vertebral column.

¢ The paramedian approach is the preferred technique
for thoracic epidural, while median and paramedian
approaches are suitable for lumbar epidural.

e The TS to T6 interspace is the preferred position for
thoracic epidural catheter insertion.

® The ligamentum flavum is congenitally absent in the
midline in some people, which makes them prone to
the dural puncture during epidural block.

® Checking for the coagulation status of the patients is
very crucial before attempting the epidural block.

& Early diagnosis and management of epidural hema-
toma are crucial to avoid permanent neural damage.

>

Epidural anesthesia is the second primary method of neur-
axial block. In contrast to spinal anesthesia, epidural block
requires pharmacologic doses of local anesthetics, making
systemic toxicity a concern. In skilled hands, the incidence
of postdural puncture headache should be lower with epi-
dural anesthesia than with spinal anesthesia. Nevertheless,
as outlined in Chapter 51, Spinal Block, I do not believe
this should be the major differentiating point between the
two techniques. Spinal anesthesia is typically a single-shot
technique. whereas frequently intermiltent injections are
given through an epidural catheter, thus allowing reinjec-
tion and prolongation of epidural block. Another differ-
ence is that epidural block allows production of segmental
anesthesia. Thus if a thoracic injection is made and an
appropriate amount of local anesthetic is injected, a band
of anesthesia that does not block the lower extremities can
be produced.

Patient Selection. Epidural block is appropriate for virtu-
ally the same patients who are candidates for spinal anes-
thesia, except that epidural anesthesia can be used in the
cervical and thoracic areas as well—levels at which spinal
anesthesia is not advised. As with spinal anesthesia, if epi-
dural block is to be used for intraabdominal procedures
involving the upper abdomen, it is advisable to combine
this technique with a lig]‘il general anesthetic because dia-
phragmatic irritation can make the patient, surgeon, and
anesthesiologist uncomfortable. Other candidates (or

epidural anesthesia are patients in whom a continuous tech-
nique has increasingly been found to be helpful in providing
epidural local anesthesia or opioid analgesia afier major
surgical procedures. This clinical application likely explains
the increased interest in epidural block over the last
20 years.

Phliarmacelogic Chaice, To use epidural local anesthetics
effectively, one must combine an understanding of the
potency and duration of local anesthetics with estimates of
the length of the operation and the postoperative analgesia
requirements, Drugs available for epidural use can be cat-
egorized as short-acting, intermediate-acting, and long-
acting agents; with the addition of epinephrine to these
agents, surgical anesthesia ranging from 45 to 240 minutes
after a single injection is possible.

Chloroprocaine, an amino ester local anesthetic, is a
short-acting agent that allows efficiemt matching of the
length of the surgical procedure and the duration of epi-
dural analgesia, even in outpatients. 2-Chloroprocaine is
available in 2% and 3% concenirations; the latter is prefer-
able for surgical anesthesia and the former for techniques
not requiring muscle relaxation.

Lidocaine is the prototypical amino amide local anes-
thetic and is used in 1.5% and 2% concentrations epidurally.
Concentrations of mepivacaine necessary for epidural anes-
thesia are similar to those of lidocaine; however, mepiva-
caine lasts from 15 to 30 minutes longer at equivalent
dosages. Epinephrine significamly prolongs (i.e., by approx-
imately 50%) the duration of surgical anesthesia with
2-chloroprocaine and either lidocaine or mepivacaine.
Plain lidocaine produces surgical anesthesia that lasts from
60 to 100 minutes.

Bupivacaine, an amino amide, is a widely used long-
acting local anesthetic for epidural anesthesia. It is used in
0.5% and 0.75% concentrations, but analgesic techniques
can be performed with concentrations ranging from 0.125%
to 0.25%. Its duration of action is not prolonged as consis-
tenuly by the addition of epinephrine, although up to 240
minutes of surgical anesthesia can be obtained when epi-
nephrine is added.

Ropivacaine, another long-acting amino amide, is also
used for regional and epidural anesthesia. For surgical anes-
thesia, it is used in 0.5%, 0.75%, and 1% concentrations.
Analgesia can be obtained with concentrations of 0.2%. lts
duration of action is slightly less than that of bupivacaine
in the epidural technique, and it appears to produce slightly
less motor blockade than a comparable concentration of
bupivacaine.
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Fig. 52.1 Epidural block: cross-sectional anatomy.

In addition to the use of epinephrine as an epidural addi-
tive, some anesthesiologists recommend modifyving epi-
dural local anesthetic solutions to increase both the speed
of onset and the quality of the block produced. One recom-
mendation is to alkalinize the local anesthetic solution by
adding bicarbonate 1o achieve both these purposes.
Mevertheless, the clinical advisability of routinely adding
bicarbonate to local anesthetic solutions should be deter-
mined by local practice protocols.

PLACEMENT

Anatomy. As with spinal anesthesia, the key to carrying out
successful epidural anesthesia is understanding the three-
dimensional midline neuraxial anatomy that underlies the
palpating fingers (Fig. 52.1). When a lumbar approach to
the epidural space is used in adults, the depth from the skin
1o the ligamentum flavum is commonly near 4 cm; in 80%
of patients, the epidural space is cannulated at a distance
of 3.5 10 6 cm from the skin. In a small number of patients,
the lumbar epidural space is as near as 2 cm from the skin,
In the lumbar region, the ligamentum flavum is 5 to 6 mm
thick in the midline, whereas in the thoracic region, it is 3
to 5 mm thick. In the thoracie region, the depth from the
ckin to the epidural space depends on the degree of cepha-
lad angulation used for the paramedian approach, as well
as the body habitus of the patient (Fig. 52.2). In the cervical
region, the depth to the ligamentum flavum is approxi-
mately the same as that in the lumbar region, 4 to 6 cm.
The ligamentum flavum will be perceived as a thicker
ligament if the needle is kept in the midline than if the
needle is inserted off the midline and enters the lateral
extension of the ligamentum flavum. Fig. 52.3 illustrates
how important it is to maintain the midline position of the

epidural needle (needle A) during lumbar epidural tech-
niques. If an oblique approach is taken, a "false release” can
be produced {needle C), or the perception of a thin ligament
can be reinforced (needle B).

Position. Patient positioning for epidural anesthesia is
similar to that for spinal anesthesia, with lateral decubitus,
sitting, and prone jackknife positions all applicable. The
lateral decubitus position is applicable for both lumbar and
thoracic epidural techniques, and the sitting position allows
the administration of lumbar, thoracic, and cervical epi-
dural anesthetics. The prone jackknife position allows
aceess to the caudal epidural space.

Needle Puncture: Lumbar Epidural. A technigue similar
1o that used for spinal anesthesia should be carried out 1o
identify the midline structures, and the bony landmarks
should be used to determine the vertebral level appropriate
for needle insertion (Fig. 52.4). When choosing a needle
for epidural anesthesia, one must decide whether a continu-
ous or single-shot technique is desired. This is the principal
determinant of needle selection. If a single-shot epidural
technique is chosen, a Crawford needle is appropriate; if a
continuous catheler technique is indicated, a Tuohy or other
needle with a lateral-facing opening is chosen.

The midline approach is most often indicated for a
lumbar epidural procedure. The needle is inserted into the
midline in the same way as for spinal anesthesia. In the
epidural technique, the needle is slowly advanced until
the change in tissue resistance is noted as the needle abuts
the ligamentum flavum. At this point, a 3- to 5-mL glass
syringe is filled with 2 mL of saline solution, and a small
(0.25 mL) air bubble is added. The syringe is attached to
the needle, and if the needle tip is in the substance of the
ligamentum flavum, the air bubble will be compressible
{Flg 52.5A). If the Ii.ga.mﬂ“un] flavum has not yel been

reached, pressure on the syringe plunger will not compress
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Fig. 52.2 Thoracic epidural block anatomy: overlapping of midthoracic spinous processes requires a paramedian technique. (A) Cross

section, superor view. (B) Lateral view, paramedian seclion.

the air bubble (Fig. 52.5B). Once compression of the air
bubble has been achieved, the needle is grasped with the
nondominant hand and pulled toward the epidural space,
while the dominant hand (thumb) applies constant steady
pressure on the syringe plunger, thus compressing the air
bubble. When the epidural space is entered, the pressure
applied to the syringe plunger will allow the solution to
flow without resistance into the epidural space. An alter-
native technique, although one that the author believes
has a less precise endpoint, is the hanging-d rop technique
for identifying entry into the epidural space. In this

technique, when the needle is placed in the ligamentum
flavum, a drop of solution is introduced into the hub of
the needle (Fig. 52.6A). No syringe is attached and, when
the needle is advanced into the epidural space, the solu-
tion should be “sucked into” the space (Fig. 52.6B).

No matter what method is chosen for needle insertion,
when the epidural space is cannulated with a catheter,
success may be increased by advancing the needle 1 to 2
mm farther once the space has been identified. In addition,
the incidence of unintentional intravenous cannulation
with an epidural catheter may be decreased by injecting 5
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Fig. 52.3 Epidural block: functional anatomy of ligamentum flavum. This figure shows how impartant it is to maintain the midbne
position of the epidural needle (needle A) during lumbar epidural techniques. If an oblique approach is taken, a “lalse release™ can be
produced {needie C), or the perceplicn of a thin igament can be reinforced (needle B).

Posteror .
superior

Fig. 52.4 Neuraxial anatemy: surface relationships.

1o 10 ml of solution before threading the catheter. If a
catheter is inseried, it should be inserted only 2 1o 3 cm
into the epidural space because threading it farther may
increase the likelihood of catheter malposition, Obstetric
patients require catheters 1o be inserted 3 1o 5 cm into the
epidural space to minimize disledgement during labor
analgesia.

Needle Puncture: Thoracic Epidural. As with lumbar
epidural anesthesia, patients are usually placed into a lateral
decubitus position for needle insertion into the thoracic
epidural space (Fig. 52.7). In this lechnique, the paramedian
approach is preferred because it allows casier access to the

epidural space. This is because the spinous processes in the
midthoracic region overlap each other from cephalad to
caudad (Fig. 52.8). The paramedian approach is carried out
in a2 manner similar to that used for the lumbar epidural
space, although in almost every instance, the initial needle
ingsertion will result in contact with the thoracic vertebeal
lamina by the epidural needle (Fig, 52.9). When this occurs,
the needle is withdrawn slightly and the tip redirected
cephalad in small, incremental steps until the needle is
firmly seated in the ligamentum flavum. At this point, the
loss-of-resistance technique and insertion of the catheter
are carried out in a manner identical 1o that used for lumbar
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Fig. 52.8 Thoracic vertebral anatomy: the degree of spinous process overlap changes from high thoracic to midthoracic 1o low

thoracic. (A) Oblique view. (B} Lateral view and paramedian section.

onto the ligamentum flavam will be appreciated at a depth
similar to that seen in the lumbar epidural block (i.e.,
3.5-5.5 am}, and needle placement is then performed using
the loss-of-resistance technique, as in the other epidural
methods. The hanging-drop method is also an option for
the identification of the cervical epidural space.

POTENTIAL PROBLEMS

One of the most feared complications of epidural anesthe-
s1a is systemic toxicity resulting from intravenous injection
of the intended epidural anesthetic (Fig. 52.13). This can

occur with either catheter or needle injection. One way to
minimizge intravenous injection of the pharmacologic
doses of local anesthetic needed for epidural anesthesia is
to verify needle or catheter placement by administering a
test dose before the definitive epidural anesthetic injec-
tion. The current recommendation for the test dose is 3
mL of local anesthetic solution containing 1:200,000 epi-
nephrine (15 pg of epinephrine). Even if the test dose is
negative, the anesthesiologist should inject the epidural
solution incrementally, be vigilant for unintentional intra-
vascular injection, and have all necessary equipment and
drugs available to treat local anesthetic-induced systemic
toxicity.
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A Oblique
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[] - Ligamenta flava
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Fig. 52.8 Thoracic epidural block technigue. (&) Using the pararmadian approach, the needle insertion site 13 1 em caudad and 1 cm

lateral to the tip of the more cephalad spinous process, similar to the needle insertion used in the lumbar paramedian technique. (B)
Parasagittal view of needle inserien and initial contact with lamina (Blue shading).

Another problem that can occur with epidural anesthesia
is the unintentional administration of an epidural dose into
the spinal fluid. In this event, as when any neuraxial block
reaches high sensory levels, blood pressure and heart rate
should be supported pharmacologically and ventilation
should be assisted as indicated. Usually, atropine and ephed-
rine will suffice to manage this situation or, at least, will
provide time to administer more potent catecholamines. If
the entire dose (20-25 mL) of local anesthetic is adminis-
tered into the cerebrospinal fluid, tracheal intubation and
mechanical ventilation are indicated because it will be
approximately 1 to 2 hours before the patient can maintain
adequate spontancous ventilation consistently. When epi-
dural anesthesia is performed and a higher than expected

block develops after a delay of only 15 to 30 minutes, sub-
dural placement of the local anesthetic must be considered.
Treatment is symptomatic, with the most difficult part
involving recognition that a subdural injection is possible.
As with spinal anesthesia, if neurologic injury oceurs
after epidural anesthesia, a systematic approach to the
problem is necessary. No particular local anesthetic, use of
needle versus catheter technique, addition or omission of
epinephrine, or location of epidural puncture seems to be
associated with an increased incidence of neurologic injury.
Despite this observation, the performance of cervical or
thoracic epidural techniques demands special care with
hand and needle control because the spinal cord is imme-
diately deep to the site of both these epidural blocks.
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Fig. 52.10 Thoracic epidural block techmaque: Bromage grip for [ags-of-resistance technique in thoracic block.

An additional problem with epidural anesthesia is the
fear of creating an epidural hematoma with the needles or
catheters. This probably happens less frequently than severe
neurologic injury after general anesthesia. Concern about
epidural hematoma formation is greater in patients who
have been taking antiplatelet drugs such as aspirin or who
have been receiving preoperative anticoagulants. The mag-
nitude of an acceptable level of preoperative anticoagulation
and the risk-benefit calculation of performing epidural
anesthesia in the anticoagulated patient remain indetermi-
nate at this time. The use of epidural techniques in patients
receiving subcutaneous heparin therapy is probably accept-
able if the block can be performed atraumatically, although
the risk-benefit ratio of the technique must be weighed for
each patient. Perioperative anticoagulant regimens that
demand special consideration are the use of low-molecular-
weight heparin (LMWH) or potent antiplatelet drugs con-
currently withepidural block. LMWHisused for prophylaxis
of deep venous thrombosis and produces more profound
effects than other intermittently dosed heparin products. It
is currently recommended that no procedure, including
withdrawal or manipulation of an epidural catheter, should
occur within 12 hours after a dose of LMWH, and the next
dose of LMWH should be delayed for at least 2 hours after
atraumatic epidural needle or catheter insertion or manipu-
lation. The antiplatelet drugs (e.g., ticlopidine, clopidogrel,
and platelet glycoprotein 11b/Illa receptor antagonists) are
sometimes combined with aspirin and otheranticoagulants.
Expert guidelines need to be consulted when using regional
blocks in the increasing number of patients on antiplatelet
compounds.

As in spinal anesthesia, postdural puncture headache can
result from epidural anesthesia when unintentional sub-
arachnoid puncture accompanies the technique. When
using the larger-diameter epidural needles (18 and 19
gauge), it can be expected that at least 50% of patients

experiencing unintentional dural puncture will have a post-
operative headache.

Avoiding catheters during epidural anesthesia—that is, by
selecting an appropriste local anesthetic—can avoid a
potential source of difficulty with the technique. Epidural
catheters can be malpositioned in a number of ways. If a
catheter is inserted too far into the epidural space, it can be
routed out of the foramina, resulting in patchy epidural
block. The catheter can also be inserted into the subdural
or subarachnoid space or into an epidural vein. Similarly,
the wse of epidural catheters may be complicated by a
prominent dorsomedian connective tissue band {epidural
septum or fat pad), which is found in some patients.

Another means of facilitating the success of epidural
anesthesia is to allow the block enough “soak time™ before
beginning the surgical procedure. This is accomplished
maost effectively if the block is carried out in an induction
room, separate from the operating room. There appears to
be a plateau effect in the doses of epidural local anesthetics;
that is, once a certain quantity of local anesthetic has been
injected, more of the same agent does not significantly
increase the block height but rather, may make the block
denser, perhaps improving quality.

One observation that needs to be emphasized about epi-
dural anesthesia through a catheter is the often faulty clini-
cal logic that by giving incremental doses through a catheter,
the level of sensory anesthesia can be slowly developed,
thereby allowing frail and physiologically compromised
patients to undergo epidural anesthesia. However, when
this approach is taken, anesthesiologists usually do not
allow enough time between injections because of the reality
of time pressures in the normal operating room. They inject
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Fig. 52.11 Cervical epidural anatomy. (&) Palient sitting with head supported by table, and plane of vertebral cross section. (B)

Posterior view, (C) Vertebral cross section at C7 to T1.

small doses through the catheter but then do not allow
sufficient time to pass before performing the next incre-
mental injection. Often, the clinical result is high block
levels in just those patients in whom lower levels were the
goal. Furthermore, this approach to epidural anesthesia
unnecessarily delays preparing the patient for the operation

and makes surgical and nursing colleagues less accepting
of the technique,

Epidural catheters are indicated in many situations,
especially when the technique is used for postoperative
analgesia. To place a known length of catheter into the
epidural space, either the catheter and needle both must
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Fig. 52.12 Cervical epidural technique. (A) Patient sitting with head supparted by a table, with the needle oriented parallel to the floor.
(B} Application of the fingers to the posterior neck to facilitate cervical epidural block. (C) Insertion of the needie into ligamentum
flavurn. (D) Insertion of the needle during palpation. |E) Bromage grip during needle advancement.

have distance markers, or a way must be found to maintain
the catheter position once the needle has been withdrawn
over the catheter. Because some epidural needles do not
have distance markers, a method of maintaining catheter
position while the needle is withdrawn over the catheter
is required. One technique of positioning the catheter is
illustrated in Fig. 52.14. An object of known length, such

as a syringe or the anesthesiologist’s finger, is selected, and
that object is placed next to the needle-catheter assembly
after the catheter has been inserted 3 cm (or other known
distance) into the epidural space. Because the catheter is
marked, a known point on the catheter can be related to
a known point on either the finger or the syringe. As
shown in Fig. 52.14A, the 15-cm mark is opposite the
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Fig. 52.14 Epidural block: catheter measurement technigue. (A) The 15-cm mark is opposite the plunger on the syringe of the
anesthesiologist's knuckle. (B) The measurameant abject 15 then placed next 1o the catheter.

plunger on the syringe or the anesthesiologist’s knuckle.
Once this relationship has been noted, the needle is
removed while the catheter position is maintained. The
measurement object is then placed next to the catheter,
as illustrated in Fig. 52.14B, and the catheter is withdrawn
1o the point at which the distance marker on the catheter

relates 1o the previously identified point. In this example,
the 15-em mark on the catheter is placed opposite the
Plunger of the syringe or the anesthesiologist’s knuckle.
By using this technique, the epidural catheter can be accu-

rately placed without the need for either a marked needle
or a ruler.




Caudal Block
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Ly Fomts
In apueroximately 5% of adult patients, the sacral
lviatus = nearly impossible to cannulate with either
neegle or catheter.

¢ Insome patients, the tissue mass overlying the sacrum
makes the technigue difficult.

@ The sacral hiatus lies at the tip of the equilateral
triangle that joins the posterior superior iliac spines
bilaterally.

= A caudal block can be performed in a lateral decubi-
tus or a prone position.

& Volumes of local anesthetic in the 25-to 35-mL range
can be injected in adult patients to reach a sensory
level of T12 to T10 with a caudal block.

IPERSDEGHIVE

With advances in lumbar epidural anesthesia, caudal anes-
thesia has become an infrequently used and taught tech-
nique. Mevertheless, caudal anesthesia can be used
effectively for anorectal and perineal procedures, as well as
some lower extremity operations,

Patient Selection. Patient selection for candal anesthesia
should be determined by examining the anatomy of the
sacral hiatus. In approximately 5% of adult patients, the
sacral hiatus is nearly impossible to cannulate with either
needle or catheter; thus in 1 of 20 patients, the technigue is
clinically unusable, Likewise, there are patients in whom the
tissue mass overlying the sacrum makes the technique dif-
ficult, so ifanother technique is applicable, candal anesthesia
should be avoided. Probably more so than for any other
block, experience and confidence on the anesthesiologist’s
part are necessary to carry out the technique effectively.

Pharmacologic Choice. When choosing local anesthetics
for caudal anesthesia, the same considerations as those
applied to epidural anesthesia are needed. Volumes of local
anesthetic in the 25- 10 35-mL range are necessary 1o
provide predictably a sensory level of T12 to T10 with
caudal injection for adults.

PLACEMENT

Anatomy. Anatomy pertinent to caudal anesthesia centers
on th_ ¢ sacral hiatus (Fig. 53.1). This can be most effectively
localized by finding the posterosuperior iliac spines

bilaterally, drawing a line to join them, and then complet-
ing an equilateral triangle caudad. The tip of the equilateral
triangle will overlie the sacral hiatus (Fig. 53.2). The caudal
tip of the triangle will rest near the sacral cornua, which
are unfused remnants of the spinous processes of the fifth
sacral vertebra, Overlying the sacral hiatus is a iibroelastic
membrane, which is the functional counterpart of the liga-
mentum flavum, Perhaps more than with any other sex
difference found in regional anesthesia, the sacrum is dis-
tinctly different in men and women. In men, the cavity of
the sacrum has a smooth curve from 51 to 55. Conversely,
in women, the sacrum is quite flat from 51 to 53, with a
mare pronounced curve in the 54 to 85 region (Fig. 53.3).
Position. Caudal block can be carried out in a lateral
decubitus position or a prone position. In adults, the author
finds the prone position with a pillow placed beneath the
lower abdomen most effective. In this position, patients can
be sedated sufficiently to make the block comfortable, and
it makes the midline more easily identifiable than in the
lateral position. As illustrated in Fig. 53.4, pediatric caudal
anesthesia is commonly carried out with the child in the
lateral decubitus position. Because most pediatric caudal
blocks are performed after induction with general anesthe-
sia, the lateral position is almost mandatory. Identification
of the midline and performance of the block are less com-
plicated in the pediatric patient, thus making the lateral
position clinically practical. To optimize identification of
the sacral hiatus, the prone patient should have the legs
abducted to a 20-degree angle, with the toes rotated inward
and the heels outward. This helps relax the gluteal muscles,
making it easier to identify the sacral hiatus (Fig. 53.5).
Needle Puncture. As with lumbar epidural anesthesia,
caudal anesthesia requires a decision about the use of a
single-injection or a catheter technique, If a single-shot
caudal block is to be performed, almost any needle of suf-
ficient length 1o reach the caudal canal is acceptable. In
adults, a needle of at least 22 gauge is recommended because
it is large enough to allow sufficiently rapid injection of
solution to help detect misplaced local anesthetic injections.
If a catheter is to be used, a needle that is large enough to
allow passage of the catheter is required. As illustrated in
Fig. 53.6, after the sacral hiatus is identified, the index and
middle fingers of the palpating hand are each placed on the
sacral cornua, and the caudal needle is inserted at an angle
of approximately 45 degrees to the sacrum. As the anesthe-
siologist advances the needle, they will become aware of a
decrease in resistance as the needle enters the caudal canal
(needle position ). The needle is then advanced until it
contacts bone; this should be the dorsal aspect of the ventral
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Fig. 53.2 Caudal block: surface anatomy showing sacral hiatus localization,

plate of the sacrum. The needle is then withdrawn slightly
and redirected so that the angle of insertion relative to l.l'.m
skin surface is decreased, In male patients, this mglc will
be almost parallel with the tabletop, whereas in female

patients, a slightly steeper angle will be necessary (needle
position 2.

During the redirection of the needle and afier noting loss
of resistance, the needle should be advanced approximately
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Fig. 53.4 Caudal block: pediatric pesition.

1 to 1.5 cm into the candal canal. Further advance is not
advised because dural puncture and unintentional intravas-
cular cannulation become more likely. Before the injection
of the therapeutic dose of local anesthetic, aspiration should
be performed and a test dose administered because a vein
or the subarachnoid space can be entered unintentionally,
as is the case in lumbar epidural anesthesia.

POTENTIAL PROBLEMS

Caudal anesthesia entails most of the same complications
that can accompany lumbar epidural anesthesia, although

there are some differences. The frequency of local anes-
thetic toxicity after caudal anesthesia appears to be higher
than it is with lumbar epidural block. Another distinct
difference is that the incidence of subarachnoid puncture
is exceedingly low with the caudal technique. The dural sac
ends at approximately the level of $2; thus unless a needle
is inserted deeply within the caudal canal, subarachnoid
puncture is unlikely. In children, the dural sac is placed
more distally in the caudal canal, and this should be con-
sidered when carrying out pediatric caudal anesthesia.
Perhaps the most frequent problem with caudal anesthe-
sia is ineffective blockade, which results from the consider-
able variation in the anmatomy of the sacral hiatus. If
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anesthesiologists are unfamiliar with the caudal technique
and the needle passes anterior to the ventral plate of the
sacrum, puncture of the rectum or, in obstetric anesthesia, of
fetal parts is possible. As illustrated in Fig. 53.7, the area sur-
rounding the sacral hiatus can be imagined as a potential
“circle of errors.” The practitioner may be faced with a slitlike
hiatus that does not allow easy needle insertion; the hiatus
may be located more cephalad than anticipated. or, in fact,
may be closed. Likewise, loss of resistance may be encountered
if the needle is inserted into one of the sacral foramina rather
than the hiatus. In the lateral view, it is obvious that needles
may be misdirected into subcutaneous or periosteal locations
as well as into the marrow of sacral bones (Video 53.1).

PEARLS'

To produce effective caudal anesthesia, anesthesiologists
should be selective about the patients in whom it is
attempted. It makes no sense to use the technique in a
patient whose anatomy is unfavorable. Because of the ana-
tomic variations in the area around the sacral hiatus, this

block seems to require more operator experience and a
longer time to attain proficiency than many other regional
blocks. As a result, anesthesiologists should develop their
technique in patients whose anatomy is favorable.

One helpful hint that will confirm needle location when
carrying out caudal anesthesia is illustrated in Fig. 53.8.
Once the needle has entered what is thought to be the caudal
canal, the anesthesiologist should place a palpating hand
across the sacral region dorsally. Then 5 mL of saline solu-
tion should be rapidly injected through the caudal needle.
By placing the hand as shown, the anesthesiologist should
be immediately aware of the subcutaneous needle position
overlying the sacrum. If the needle is mispositioned sub-
cutaneously, a bulge during injection will develop in the
midline. If the needle is correctly positioned in the c.udal
canal, no midline bulge should be palpable. In thin indi-
viduals, accurate needle placement in the caudal canai and
rapid injection of solution may allow the anesthesiolegist
to feel small pressure waves more laterally overlying the
sacral foramina. These smaller pressure waves should not
be confused with those associated with a misplaced subcu-
taneous needle.

TOES POINTING INWARD

Fig. 53.5 Caudal block: prone position.



Fig. 53.6 Caudal block: technique.
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levels). Two randomized controlled trials comparing
US-guided and Mluoroscopy-guided S1] injections showed
no significant difference in pain outcomes following
injection. However, Jee et al. found that US-guided 51)
injection was less accurate (87.3%) than fluoroscopy-
guided 5] injection (98.2%). A significant advantage o
using US comes from the ability to identify and avoid
peri- or intraarticular vasculature. This same study
found that 12.7% of participants had intraarticular
vessels, 41.8% of participants had periarticular vessels,
and 7.2% of participants had both.

LS spinal nerve

Dorsal branch of
S51-54 spinal nerve

The patient is placed in the prone position, with a pillow
underneath the abdomen to minimize lumbar lordosis,
Usually, a low-frequency curvilinear transducer is used,
especially in obese patients, to increase penetration. The
transducer is placed transversely over the lower part of
the sacrum (at the level of the sacral hiatus) and the lateral
edge of the sacrum is identified. Then the transducer is

Sacroiliac joint
(injection site)

Hium

Sacrum

oMz —
i 23

Fig. 54.1 (A) Coronal image
; of
short-azis view of the sac:?odi

the right sacroiliac
3¢ joint with the in-plans ne

int. Ideal joint access in the lower one-third of the joint is shown. (B) Ultrasound
e needle approach 1o the sacroiliac joint is shown.
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Fig. 54.2 A zoomed-in view of the nght sacrailiac joint (51} showing a linear array ultrasound probe overlying the S1J, with the point of

entry into the S1J shown utilizing an in-plane needle approach.

moved laterally and cephalad till the bony contour of the
ileum is clearly identified. The cleft seen between the
medial border of the ileum and the lateral sacral edge
represents the 51J, and the most inferior point is targeted
(Fig. 54.1A,B).

A 22-gauge needle is then inserted at the medial end of
the transducer and advanced deeper and laterally in-plane
with the US beam until it is seen entering the joint. The
course of the needle will traverse the skin and subcutaneous
fat, thoracolumbar fascia, and posterior sacroiliac ligament
prior to reaching the posterior portion of the synovial
capsule (Fig. 54.2).

R GES

* The in-plane technique is the preferred technique.

* Scanning before approaching the joint is desirable to
familiarize the operator with the sonoanatomy of
the Sl as well as the surrounding structures,

* For beginners, it is recommended to combine US
with fluoroscopy, as fluoroscopy is considered the
gold standard modality to visualize the arthrogram
and confirm intraarticular injection.
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Caudal Block in
Pediatrics

John Seif and Nour Hochaimi

Key Points

¢+ Checking the anatomy with ultrasound before and
during the procedure ensures success. Because the
sacrum is not fully ossified, it still can be penetrated
oy the ultrasound beams.

= Loss of resistance is not significant when placing an
epidural, because the sacrococcygeal ligament is
softer in the pediatric population.

= The needle may be misplaced in the subcutaneous
periosteal location or in the dural sac.

After induction with general anesthesia, the lateral decubi-
tus position is the most optimum position for [ull exposure
of the sacral hiatus. Flex both knees to the abdomen and
identify the midline above the gluteal crease, where the
sacral hiatus can be palpated.

It is important to know the diflerences between pediatric
and adult anatomy when performing a neuraxial block in
the pediatric population, The conus medullaris ends
between L2 and L3 in infancy and reaches adult levels L1 to
L2 by the end of the first year of life. The dural sac is at the
54 level at birth and reaches S2 by the end of the first year.
The line joining the two superior iliac crests (intercristal
line) crosses at L5 to S1 interspace at birth, L5 vertebra in
young children, and L3 to L4 interspace in adults (Fig. 55.1).

Draw a triangle with the baseline between the two pos-
terosuperior iliac spines (PSIS) and the apex at the sacral
hiatus. The caudal tip will lie between the two sacral cornua
of the fifth sacral vertebrae. The sacrococcygeal ligament,
which resembles the ligamentum flavum, lies between the
two sacral cornua.

This technique becomes even more complex when consid-
ering variation in patient age, weight, and varying levels of
bone ossification. Ultrasound guidance for this procedure
15 helpful in identifying the underlying anatomic struc-
tures. The ones most commonly of interest include the

sacral hiatus, sacral cornua, coccyx, and sacrococcygeal
ligament. Although probe orientation can be done using
either a transverse or longitudinal view of the midline, it is
typically best to orient and assess landmarks before per-
forming the procedure. When placing the probes trans-
verse plane at the coccyx, the sacral cornua are viewed
laterally as humps. The sacral hiatus is located between an
upper hyperechoic line, representing the sacrococcygeal
membrane or ligament, and an inferior hyperechoic line,
representing the dorsum of the pelvic surface of the sacrum
(Figs. 55.2 and 55.3).

If single-shot analgesia is required, a 22-gauge Angiocath
is used, and if an epidural catheter is required, then a larger
Angiocath—lor example, 20- or |8-gauge—is the appropri-
ate choice, After identifying the anatomy, palpate the sacral
cornua with the index finger. Advance the needle at a
45-degree angle to the skin, distal to the index finger. A
doughy sensation is felt as the needle is advanced, Then the
angle of the Angiocath is dropped to 15 degrees and
advanced until a loss of resistance is felt (a light "pop” in
the pediatric population). Before injecting the local anes-
thetic, aspiration and a test dose should be performed.

For a caudal catheter, attaining access to the caudal space
follows the same technique as that of the single-shot caudal
block discussed earlier. Either a pediatric epidural kit needle
oran L8-gauge Angiocath can be used. First, it is important
to determine and mark the level where the catheter tip is
to be positioned; it usually is in the thoracic upper lumbar,
depending on the surgical incision site. This can be achieved
by external measurement, measuring the distance from the
skin covering the sacral hiatus to the skin covering the
desired marked level. It is advisable to confirm that the
catheter passes through the Angiocath before starting the
procedure,

ER TIP LOCATION

There are several ways to identify the caudal epidural space.
The most common one is the detection of the characteristic
“give” or "pop” on penetration of the sacrococcvgeal liga-
ment. Since pain assessment in infants is very difficult, any
additional information that would allow confirmation of
correct catheter position can be of clinical benefits.
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Fig. 55.2 Uirasound still of anatomy of caudal block in
pedialncs.

Ultraseund. This method offers a radiation-free miethod
fioor p-]al‘.EJ'I'IL'T'il. The metal L‘l‘,"h:'l can be visualized Tapid]}r
and easily, and traced caudal-to-cephalad under real-time
ultrasound guidance.

Pestenor sacrococcygeal igament

Coccyx

Epidurogram or Fluoroscopy. After advancing the cath-
eter to the predetermined marked vertebral level, an epi-
durogram or fluoroscopy can be used to confirm the site of
the catheter’s tip. For a stylet catheter, fluoroscopy is used
to confirm that the tip of the catheter has reached the
desired vertebral space level, but it does not rule out intra-
vascular or intrathecal catheter. lopamidol is injected and
imaged using fluoroscopy. A characteristic "bubbly” pattern
in the midline is diagnostic of proper placement. This tech-
nique confirms epidural space placement, and it also rules
out incorrect anatomic space and predicts analgesic cover-
age by showing the extent of the contrast spread.

il 1 =i
L EA 19 |
R R s e =L ===

Because caudal catheters are at risk of contamination from
fecal material, it is advisable to tunnel the catheter subcu-
tancously. This can be achieved using an 18-gauge long



Pelvic aspect of the sacrum

Fig. 55.3 Ultrasound still of anatomy of caudal block in
pedatnics.

intravenous Angiocath that would create a tunnel from the
site of the caudal catheter entry to a more cephalad skin
site out of the diaper area. This is followed by removing the
needle, kecping the Angiocath in site and threading the
caudal catheter through the Angiocath, which will be
removed thereafter. This will result in modifying the port
of entry of the caudal catheter from a caudad site to a more

Caudal Block in Pediatrics

cephalad site, reducing the incidence of infection in addi-
tion to providing more catheter stabilization. It is impor-
tant 1o apply a transparent dressing over the site of entry
o assess for redness or any sign of infection.

¢ Check the block with normal saline first before
injecting the local anesthetic and palpate the sacrum
for any subculaneous injection,

*  Patient selection and experience play a big role in
the success of the block,
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llioinguinal and
lliohypogastric Block

Key Points

» ldentifying the different layers of the muscles is
crucial, because the peritoneum is the shiniest layer
under the transversus abdominis muscle. When the
bowels are seen under the peritoneum under ultra-
sound, the sliding sign appears in response to
breathing.

* Loss of resistance when penetrating the different
muscle layers can be felt as a pop. Extra caution is
needed, because the needle could advance acciden-
tally into the peritoneum and perforate the bowel.

* Avoid puncturing the blood vessels, especially the
inferior epigastric vessels, because they sometimes
accompany the ilioinguinal and ilichypogastric
nerves along their path. Ultrasound aids in visualiz-
ing these small vessels, especially if using Doppler
mode,

The patient is placed in the supine position, with exposure
of the abdominal and pelvic areas (Fig. 56.1).

e e s el

Identify the anterosuperior iliac spine (ASIS) and the
umbilicus and draw a line between these two points. Divide
this line into three equal distances at the point where the
outer one-third meets the inner two-thirds. This is the

John Seif

point of the needle entry. This point is about 2 cm medial
and cephalad to the ASIS (Fig. 56.2).

The ilicinguinal and iliohypogastric nerves are formed
by branches from T12 1o LI, which pass between the inter-
nal oblique and transversalis muscles, Performing this block
provides good analgesia for most operations of the inguinal
regions.

Place the ultrasound probe on the line connecting the
umbilicus to the AS5L5. A transverse longitudinal view will
reveal the underlying muscles: the external oblique, inter-
nal oblique, and transversus abdominis muscle (Fig. 56.3).
Advance the blunt injecting needle in-plane with the
ultrasound probe until two “pops” are felt. The first pop
occurs between the external oblique and the internal
oblique muscles. The second pop occurs between the
internal oblique and the transversus abdominis muscle
(Fig. 56.4A); this is where the local anesthetic (LA) is
injected (Fig. 56.4B, Video 56.1).

BPEALRL S
i o T

® Visualizing the spread of LA in the plane between
the internal oblique and the transversus abdominis
muscles can help ensure excellent results,

* Tenting the muscles is common when using the
blunt needle, so a more perpendicular angle needle
entrance technique is used.
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Fig. 56.1 The inguinal and the abdominal areas are exposed, and the ultrasound is on the opposite side of the block,



lliginguinal and llichypogastric Block

Hioinguinal and
llichypogastric block

Fig. 56.2 ldentify tha anterogupencor iliac sping and the umbilicus and draw a line connecting these two points. Apply the ultrasound
prabe on this ling, and the needle entrance point will be at the outer third junction of the line.

Medial Lareral

External obligue ¢

Internal oblique

Transverse abdominis

lliginguinal, llichypogastric n.

Fig. 56.3 The needle is advanced under ultrasound using an in-plane approach, penetraling the external and internal oblique muscles,

targeting the ilioinguinal and llichypogastric nerves lying in the plane batween the internal oblique and the transverse abdominus
muscles. ASIS, Anterosuperior illac spine. P pl = |
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Fig. 56.4 (A) The three muscles under ultrasound, visualizing the dlisinguinal and ihohypogastric nerves {arrows). (B) Local anesthetic
{LA) spread between the miernal oblique (10) and transverse abdominus (TA) muscles, as shown in the image, ASIS, Anterosupenor
iliac spine; EQ, external oblique.



Superficial Cervical Plexus

and Suprazygomatic
Maxillary Nerve Blocks

John Seif and Nour Hochaimi

ey roints for Superficial Cervical

Plexus Block

' Stabilize the neck position and identify the sterno-
cleidormastoid muscle.

= If not using ultrasound, always feel for the infiltration
with the other hand to avoid injecting the local anes-
thetic into any vascular structure.

¢ |nfiltrate along the posterior border of the sterno-
cleidomastoid muscle superior and inferior to the
point of neadle entry.

Place the patient in the supine position without a pillow.
The head is turned to the opposite side of the one being
blocked (Fig. 57.1).

IS T d
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The superficial cervical plexus provides cutaneous
innervation to the ventral rami of C1 to C4 (Fig. 57.2).
It includes the lesser occipital, greater auricular, trans-
verse cervical, and supraclavicular nerves (Fig. 57.3). At
the midpoint on the posterior border of the sternoclei-
domastoid muscle is the point of needle entry. The
needle is inserted, and local anesthetic is injected behind
and along the posterior border of the clavicular head of
the sternocleidomastoid musele,

Under ultrasound, use the linear probe and place it in
a Lransverse position at the needle entry point over the
sternocleidomastoid muscle. The needle is aligned with
the ultrasound probe in the in-plane position. Visualizing
the local anesthetic spread on the posterior border of the
sternocleidomastoid muscle is the key to a successful block
(Fig. 57.4).

* If deep injection occurs, it could lead 10 a deep
cervical plexus block and a partial phrenic nerve
block. Hoarseness and an inability to clear
secrelions may occur,

= Superficial injection of local anesthetic with a
22-gauge needle is recommended.

* This block covers only culaneous sensation and could
be used in mastoidectomy and in clavicular bone
fracture, especially in the lateral one-third of the
clavicle, for postoperative pain contral (see Fig. 57.4).

Key Points for Suprazygomatic
Maxillary Nerve Block

¢ The suprazygomatic maxillary block is used for cleft
palate repair surgery in infants.

* |t is a deep block; however, it holds a lower risk of
vascular injury.

The maxillary nerve, the second division of the trigeminal
nerve, leaves the cramial part of the face through the
foramen rotundum and then passes forward and laterally
through the plerygopalatine fossa. It reaches the floor of
the orbit by the infraorbital foramen. It supplies sensory
innervation of the lower eyelid, the upper lip. the skin
between them, and the palate.

Compared with the infraorbital route, the suprazy-
gomatic maxillary block is a deep approach to the trigemi-
nal nerve in the pterygopalatine fossa, minimizing risks of
vascular and nerve puncture,

The puncture site is at the frontozygomatic angle, at the junc-
tion of the upper edge of the zygomatic arch and the frontal
process (Fig. 57.5). The needle is inserted perpendicular to
the skin. It is advanced to reach the greater wing of sphenoid,
then withdrawn a few millimeters and redirected toward the
nasolabial fold in a 20-degree forward and 10-degree down-
ward direction. Loss of resistance after passing through the
temporalis muscle assists in determining the puncture depth.

In real-time ultrasound guidance, the ultrasound trans-
ducer is located in the infrazygomatic area. The probe loca-
tion allows visualization of pterygopalatine fossa, limited
anteriorly by the maxilla and posteriorly by the greater wing
of the sphenoid (Fig. 57.6).
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Fig. 57.1 Supine position, turning the head to the opposite side of the block, and ultrasound position on the opposite side of the

block, facing the physician.

The anatomic location of the internal maxillary artery in
the anterior part of the pterygopalatine fossa makes its
accidental puncture unlikely because of the caudal inclina-
tion of the needle during the puncture.

Cleft palate repair surgery is associaled with postoperative
airway obstruction, which can be aggravated with

narcotic administration for pain reliel and consequently
lead to a higher incidence of perioperative respiratory
adverse events. Thus performing a regional block for
infants undergoing this procedure is of clinical impor-
lance lo decrease postoperative pain, narcotic require-
ments, and respiratory complications, in addition 1o
resuming feeding earlier.
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Fig. 57.3 The supedicial plexus block will cover the following: lesser occipital, greater auricular, franmsverse cervical, medial and lateral
supraclavicular nerves, and accessony nerve.
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Fig. 574 Visualizing the needle advancement in lingar approach, targeting the posterior border of the sternocleidomastofd musele, and
infiltrating the area with lecal anesthetic. t
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Pudendal Nerve : ;
Block

John Seif

= o underlying structures. The linear ultrasound
fey Points transducer probe is placed on the perineum lateral

patient selection plays a major role in performing the *In:r the anus at .3- ﬂc!qck to 9 oclock and overlies the
ischial tuberosity (Fig. 58.2).

block; it is challenging with obese patients.

* Ultrasound experience is required to maximize the
success rate of the block.

* Vascular injection is a risk if no spread is visualized

® The pudendal artery can be visualized medial to the
ischial tuberosity.

with deposition of local anesthetics (LAs) under _ — e

ultrasound. TFreCnMICUE e ‘*Hﬂ
* Avoid contamination, because the area of injection —r

is close to the perianal area. * The ischial tuberosity is visualized, and the

needle is introduced out-of-plane at a 45-degree
angle to the skin. The needle is advanced in an
anterior to posterior direction in the middle of
the ultrasound probe just medial to the ischial
tuberosity, where the LA solution is deposited
(Fig. 58.3).

= Little resistance will be experienced by passing
through the sacrotuberous ligament.

¢ Perineal operations in both sexes.
¢ Hypospadias and circumcision are the most
COMITON Surgeries,

Scrotal and testicular surgeries with a

! G = A nerve stimulator is used at 0.3 to 1.0 mA beside
supplementation of ilicinguinal blockade.

the ultrasound where penile and anal contractions
are observed, which also confirms the pudendal
M C i nerve. Sometimes, it is challenging to find the nerve
' under ultrasound.

¢ Bupivacaine 0,25% up to | mL/kg in pediatric

* Infection or presence of perianal inflammation. ;
populations.

= This block is performed bilaterally to reach
CONOANATOMY _ maximum pain relief.

* ‘The pudendal nerve derives its fibers from the SRR

ventral branches of the second, third, and fourth FEARL.
sacral nerves, It leaves the pelvis through the lower
part of the greater sciatic foramen, passes behind # Positioning in lithotomy/frog-like position facilitates
the spine of the ischium, and reenters the pelvis the block performance.
through the lesser sciatic foramen. It accompanies ® Use color Doppler ultrasound to visualize the
the internal pudendal vessels along the medial pudendal artery medial to the ischial tuberosity,
border of the ischial tuberosity (Fig. 58.1). where the pudendal nerve is located.
* Placing the patient in a frog-like or lithotomy ® Visualizing the LA spread medial to the ischial

position helps to expose the area and identify the tuberosity increases the success rate of the block.
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Fig. 58.1 The pudendal nerve 15 localed medial to the ischial tuberosity, under the ischial spine ligament.

Fig. 58.2 In the lithotomy/frog-like position, the ischial fuberosity is the most medial bony prominence, The inear ulirasound prabe
overlies the ischial Wwberosity.

Fig. 58,3 Needle-lip larget is medial 1o the ischial tuberosity, where the LA is deposited,



Paravertebral Catheters in
Pediatrics

John Seif

¢ Points

* Performing  this  block  requires  ultrasound
oxperignce.
rieedle visualization plays a major role in achieving
2 successful block.

& Epidural spread can occur from a unilateral
injection.

Patients who undergo operative procedures of the
chest and upper abdomen.

Unilateral coverage as thoracotomies, cholecystec-
tomy, mastectomies, and other urological proce-
dures with preservation of the pulmonary [unctions.
Inadequate or unsuccessiul epidural placement
where bilateral catheters are placed.

Caution with populations using anticoagulation and
antiplatelet therapy.

The thoracic paravertebral space is a small
triangular space lateral to the vertebral column,
Bounded posteriorly by the superior coslotransverse
ligament, anteriorly by the parietal pleura, and
superiorly and inferiorly by the adjacent head and
neck of the adjacem rib,

The paravertebral space can be scanned in both the
transverse and paramedian approaches.

In the transverse approach (short access), the
ultrasound probe is aligned in the space between the
two adjacent ribs overlying the transverse process. In
this approach, the space can be identified between the
external intercostal muscle and intercostal membrane
superiorly and parietal pleura inferiorly.

In the paramedian approach (long access), the probe
lies in the paramedian plane of the transverse
process. The external intercostal muscle and

costotransverse ligament lie between the transverse
process, and deeper o it is the parietal pleura. The
area between is the paravertebral space.

In the transverse approach, the linear ultrasound
probe is aligned over the long axis of the rib.
Identifying the transverse process medially and the
intercostal muscles and deep to it is the parietal
pleura (sliding sign) (Fig. 59.1).

* An 18-gauge Tuohy necdle is introduced in line
with the linear ultrasound probe from lateral 1o
medial under direct visualization. The needle tip
ends in the paravertebral space deep to the
costotransverse ligament and just above the
parictal pleura, where the local anesthetic (LA) is
deposited. Then a 19-gauge paravertebral catheter
is inseried through the Tuohy needle up to 5 cm
beyond the length of the needle,

¢ LA used is a ropivacaine 0.2% (1 mL/kg) bolus
up to 10 mL, followed by a continuous infusion
(maximum 0.4 mg/kg'h).

In the paramedian approach, a linear ultrasound

probe is wsed (short access), visualizing the

transverse process and the intercostal muscles and
identifying the lung pleura deeper. The LA is
deposited above the pleura and underncath the
internal intercostal membrane.
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Placing the patient in a lateral position is the best
option in the pediatric population.

Identify the parietal pleura from the costotransverse
ligament by visualizing the sliding sign, where the
parietal and visceral layers of the lung rub against
each other.

The presence of the lung sliding sign before and
after the procedure is important, because it rules out
pneumothorax,

Pneumothorax, complete spinal blockade, and LA
toxicity are common complications for this block,
which can be avoided when performed by
experienced practitioners.
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Fig. 59.1 The ultrasound probe in a ransverse approach with needle advancement from lateral to medsal approaching the paraveriebral
Space,
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Meuvraxial analgesiafanesthesia technigues (spinal,
epidural, and combined spinal-epidural) are the
mainstays of safe anesthesia care of the obstetric
patient. The anesthesia provider is caring for the
maother and, by extension, the fetus.

Hormonal and anatomic changes during pregnancy
influence  neuraxial technigue and  drug
administration.

“ Meuraxial analgesia [usually epidural or combined
spinal-epidural) is the only analgesic technique that
provides complete analgesia for labor and vaginal
delivery.

= Neuraxial labor analgesia is usually initiated in a mid-
lumbar interspace; a sensory block from T10 to 54 is
necessary for complete labor analgesia.

= During cesarean delivery, a dense block to T6 is nec-
essary to block afferent nerves innervating pelvic
and abdominal organs. The addition of lipid-scluble
opioids to neuraxial local anesthetics potentiates the
density of the block.

‘The anesthesia care of obstetric patients is dominated by
regional anesthesia and analgesia, primarily neuraxial tech-
niques (spinal, epidural, and combined spinal-epidural),
The anesthetic care of the obstetric patient must also con-
sider the effects on the fetus/neonate. In general, neuraxial
compared to systiemic analgesiafanesthesia resulis in less
drug transfer across the placenta to the fetus.

Neuraxial analgesia is the only analgesic technique that
can provide complete analgesia for labor and vaginal deliv-
ery. Given that labor lasts a variable duration (from less
than an hour to several days), a continuous technique is
optimal. Neuraxial labor analgesia is typically initiated with
a bolus injection of local anesthetic combined with a lipid-
soluble opioid into the subarachnoid or epidural space. An
epidural catheter (rarely, a spinal catheter) is sited and used
to maintain analgesia throughout labor and delivery. Other
regional techniques and nerve blocks may be performed,
often by the obstetrician (bilateral paracervical blocks and
bilateral pudendal nerve blocks), but these techniques are
not continuous and do not provide complete analgesia.
Paracervical blocks provide analgesia for the first stage of
labor, when pain impulses originate from the cervix and

Cynthia A. Wong

lower uterine segment. Pudendal nerve blocks are useful
for the second stage of labor as the fetus descends in the
birth canal when, pain originates from the vagina and
perinewm. Only neuraxial analgesia can block these pain
impulses simultancously.

Meuraxial anesthesia s considered the optimal technique
for cesarean delivery, both scheduled and intrapartum
deliveries. Advantages compared with general ancsthesia
include the following: (1) it is safer for the mother (no need
to manipulate the airway), (2) less drug(s) crosses the pla-
centa and depresses the fetus/neonate, and (3) it allows the
mother 1o be awake and partner to be present for the deliv-
ery of their child. Single-shot spinal anesthesia is frequently
used for elective procedures. Combined spinal-epidural
anesthesia is used when long case duration is anticipated
{e.g.. repeal procedure and obese body habitus). Epidural
anesthesia is a common technique for intrapartum cesarean
delivery in women who have an indwelling epidural cath-
eter sited for labor analgesia; epidural analgesia is transi-
tioned to epidural anesthesia,

Postcesarean delivery analgesia is most often provided
using multimodal analgesia—a common component of
multimodal analgesia is single-shot neuraxial morphine
analgesia. In women who are not able to receive neuraxial
morphine (e.g.. general anesthesia is used), the transversus
abdominal plane block (see Chapter 47) and the quadratus
lumborum block (see Chapter 49) have been shown to
supplement systemic analgesia. However, these blocks do
not improve the analgesia provided by neuraxial morphine
and are therefore not indicated in women who receive
spinal or epidural morphine.

Most obstetric patients are candidates for neuraxial anal-
gesia/anesthesia. Contraindications mimic those for non-
pregnant patients, Absolute contraindications include
patient refusal, coagulopathy, infection at the site of needle
placement, and uncorrected maternal hypotension (e.g., in
the setting of hemorrhage). Systemic infection is a relative
contraindication, although most clinicians will proceed
with a neuraxial technique once antibiotics have been
administered and the patient is not exhibiting signs of
frank septicemia. Thromboembaolic disease is a major cause
of maternal morbidity and mortality; thus many pregnant
women receive pharmacologic anticoagulation. Guidelines
for the initiation of neuraxial procedures in women who
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have received pharmacologic anticoagulation generally
mimic those for the nonobstetric population, although a
thorough risk-benefit analysis should be individualized to
each patient. Several obstetric conditions are associated
with a frank consumptive coagulopathy, including placen-
tal abruption and amniotic fluid embolism. Coagulopathy
should be ruled out in these women before proceeding with
a neuraxial procedure.

In the United States, four local anesthetics are commonly
used for obstetric neuraxial  analgesia/anesthesia.
Bupivacaine (0.0625%-0.125%) and ropivacaine (0.1%-
0.2%) are commonly used for epidural labor analgesia.
Spinal anesthesia for cesarean delivery is usually initiated
with 0.75% bupivacaine with dextrose (hyperbaric bupiva-
caine), although some clinicians use plain bupivacaine. In
most patients, plain bupivacaine is slightly hypobaric.
Epidural anesthesia is commonly initiated with 2% lido-
caine plus epinephrine 1:200,000, or 3% 2-chloroprocaine
(useful for emergency procedures when short latency to
onset of anesthesia is critical). Typically, 18 to 25 mL of a
local anesthetic solution is required for epidural anesthesia
for cesarean delivery. Neuraxial anesthesia is also indicated
for cervical cerclage placement (both elective and rescue
procedures) and postpartum tubal ligation surgery,
although these procedures are usually of short duration
and use of short-acting local anesthetic agents may be
appropriate.

In almost all cases, a lipid-soluble opioid (fentanyl or
sufentanil) is added to the local anesthetic. The opioid and
local anesthetic work synergistically, thus lower doses of
both drugs are needed, contributing to decreased side
effects from both the local anesthetic and opioid. Fentanyl
10 to 25 pg and sufentanil 1.5 to 5 pg are common spinal
adjuvants for initiation of combined spinal-epidural labor
analgesia and spinal anesthesia for cesarean delivery.
Fentanvl 1.5 to 3 pg/mL or sufentanil 0.2 to 0.4 pg/mlL is
often combined with a low-concentration local anesthetic
solution 10 maintain epidural labor analgesia. Neuraxial
morphine is commonly used as part of a multimodal tech-
nique for postcesarean delivery analgesia (spinal dose
0.050-0.150 mg, epidural dose 2-4 mg).

Epinephrine (0.2 mg) may be added Lo spinal bupivacaine
1o prolong the duration of anesthesia. Spinal and epidural
clonidine may enhance analgesia and anesthesia, although
the use is off label in the United States for obstetric patients
because it may cause hypotension and sedation.

During labor, painful impulses from the uterus and cervix
are transmitted by visceral afferent nerve fibers that travel
with sympathetic nerve fibers and enter the spinal cord at
the low thoracic and high lumbar (T10 through L1) spinal
segments. As labor progresses and the fetus descends in the
birth canal, distention of the vagina and stretching of the

perineum results in pain impulses that are transmitted via
the pudendal merves to the 52 to 54 spinal segments.
Epidural catheters are commonly sited in the midlumbar
epidural space. Early in labor, the sensory block must
extend cephalad to T10 to block labor pain. Later in labor,
sensory blockade must also extend caudad to the sacral
dermatomes to provide complete analgesia as the fetus
deseents in the birth canal.

During cesarean delivery, afferent nerves innervating
the abdominal and pelvic organs must be blocked. These
nerves travel with sympathetic nerve fibers from the T5
through L1 spinal segments, Therefore dense motor and
sensory block, which extends from the sacral dermatomes
toTé, is necessary to provide satisfactory cesarean delivery
anesthesia. Because of differential sensory blockade (10,
block to touch oecurs at a lower dermatome than bl k
to temperature), most clinicians aim for a sensory block
to a cold stimulus at the T4 dermatome. Inadequate cxivit
and density of anesthesia during cesarean delivery—which
is more common with epidural than spinal anesthesia—
will contribute to intraoperative nausea, vomiting, and
pain.

Anatomic and hormonal changes during pregnancy
contribute to progressively lower anesthetic requirements
as gestation advances, Elevated progesterone levels,among
other hormonal changes, contribute to altered pharmaco-
dynamics during pregnancy. Progressive lumbar lordosis
during pregnancy alters the relationship of the vertebral
column to surface anatomy. The imaginary line joining
the posterior superior iliac crests {Tuffier line) crosses the
vertebral column at a higher {more cephalad) position in
pregnancy. This may increase the risk of misidentifying
the actual lumbar interspace (i.e., anesthesia providers
using landmark techniques may identify an interspace that
is one or two levels higher than the intended interspace).
The space between adjacent spinous processes is narrower
and it may be harder for pregnant women to assume the
flexed position that facilitates needle access to the neur-
axial canal. Ligaments become more "lax,” causing the
ligamentum flavum to feel less “dense” during advance-
ment of the spinal or epidural needle. Blood volume
increases and by midgestation, the enlarging uterus com-
presses the inferior vena cava and impedes venous return
from the lower extremities. Along with an increase in
intraabdominal pressure, this results in the shunting of
blood from the inferior vena cava to the azygous system.
The expanded blood volume in the lumbar neuraxial canal,
along with the increasing fat volume that accompanies
pregnancy, causes a decrease in lumbar cerebrospinal fluid
(CS5F) volume as the dural sac is compressed and lumbar
CSF is translocated cephalad. Additionally, the apex of the
normal lumbar lordosis shifts caudad and the normal tho-
racic kyphosis is reduced and shifts cephalad. Finally, CSF-
specific gravity decreases during pregnancy. These changes
contribute to the altered distribution of subarachnoid
hyperbaric (or hypobaric) anesthetic solutions. At term,
the local anesthetic dose required for neuraxial anesthesia
i% fﬂ‘du‘:\‘-d b'}" 25% to 30% Cﬂl‘.l.'l]}ﬂ]‘fd with nonpregnant
patients.

The enlarged epidural veins may increase the risk of
unintentional cannulation of epidural veins by a needle
ﬂr_calheter. Additionally, engorgement of the foraminal
veins may block egress of anesthetic solution injected



into the epidural space and contribute to the lower epi-
dural  anesthetic  requirement  observed  during
pregnancy.

POSITION

Patient positioning for the initiation of neuraxial analgesia
does not dilfer in the pregnant patient (see Chapters 51 and
52}, Laboring patients may prefer the lateral or sitting posi-
tion, and clinicians may have a preference for one position,
Occasivnally, patient comorbidities may dictate patient
position (e.g., a patient with a dilated cervix and fetus with
a footiing breech presentation should be placed in the
Literal position to decrease the risk of umbilical cord pro-
apse ). Patient position should be considered when initiat-
ing spived anesthesia with a hyperbaric (or, less commonly,
hvpobiaric) anesthetic solution. Monitoring during the ini-
tiation of anesthesia mimics that for nonpregnant patients,
with the addition of fetal heart rate monitoring. The anes-
thesia provider may need to collaborate with the nurse or
midwile 1o position the patient for optimal neuraxial anes-
thesia and feral monitoring.

Increasingly more common, preprocedural ultrasonog-
raphy is used to facilitate identification of lumbar vertebral
anatomy (see Chapter 50). It is particularly useful for obese
parturients in identifying the midline, the interspinous
space, and the estimated depth to the epidural space. Two
views are typically obtained with a low-frequency (2-5
MHz) curved array probe, the parasagittal oblique (PSO)
view, and the transverse median (TM) view. The acoustic
window may be larger using the PSO view, especially in
patients with narrow interspaces. The depth to the epidural
space is estimated by obtaining an image of the posterior
complex (the ligamentum flavum, the epidural space, and
the posterior dura-arachnoid) using the PSO or TM view.
The estimation of the depth 1o the epidural space may
underestimate the actual depth measured by the neuraxial
needle by as much as 1 cm, especially in obese patients,
This undercstimation is attributable to soft tissue compres-
sion by the ultrasound probe, which is often necessary to
obtain a satisfactory view.

Spinal anesthesia is initiated in a midlumbar inter-
space {L2-L3 or lower). Epidural analgesia/anesthesia is
also usually initiated in a midlumbar interspace because
of the need for both thoracie and sacral anesthesia. Like
spinal anesthesia, combined spinal-epidural analgesia/
anesthesia is initiated at the L2 1o L3 interspace or lower
because of the need to aveid trauma to the conus
medullaris.

Use of sterile technique during the initiation of neuraxial
anesthesia is critical to the safety of the parturient. When
in the sitting position, the parturient should don a surgical
hat to keep hair and scalp skin flakes from falling onto the
sterile field. Each individual in the labor room should don
a face mask and, commonly, only one support person is
allowed to stay in the labor room during the procedure, The
skin over the needle puncture site is usually decontaminated
with chlorhexidine or povidone-iodine in alcohal. The pro-
ceduralist should wash their hands with an alcohol-based
antiseptic solution, and all hand and wrist jewelry and
watches should be removed before donning sterile gloves.

Regional Techniques During Pregnancy and Delivery

Young females of childbearing age are at increased risk for
postdural  puncture headache; therefore subarachnoid
puncture should be performed with a small-gauge (usually
25- to 27-gauge) pencil-point needle,

Epidural analgesiafanesthesia is usually initiated with a
17-gauge Tuchy or other epidural needle appropriate for
catheter insertion. In virtually all cases, a single or multi-
orifice epidural catheter (19- or 20-gauge) is passed through
the epidural needle and secured for the duration of labor
and delivery. A midline approach is common—obstetric
patients are young and the interspinous ligament is rarely
calcified. The depth to the epidural space is increased in
pregnancy because of an increase in subcutaneous fat. Loss
of residence to saline is a common technique to identify
the epidural space; the hanging-drop method is less reliable
during pregnancy because of increased intraabdominal and
therefore epidural space pressure. A small bolus dose of
anesthetic solution may be injected through the epidural
needle before the epidural catheter is passed through the
needle. More commonly, the epidural catheter is threaded
into the epidural space, and the anesthetic solution neces-
sary to establish analgesia/anesthesia is injected incremen-
tally through the catheter.

Combined spinal-epidural analgesia/anesthesia com-
bines the advantages of both spinal and epidural anesthesia:
rapid onset of analgesia with a low dose of drug(s), followed
by the ability to provide continuous analgesiafanesthesia.
It may be used for both labor analgesia and cesarean deliv-
ery anesthesia. It is most common to use a needle-through-
needle technigue in which the epidural needle is advanced
into the epidural space (Fig. 60.1A,B). The epidural needle
then acts as an “introducer” for a long spinal needle (25-
27-gauge). The spinal needle is advanced through the epi-
dural needle using the anesthesia provider’s dominant hand,
while the nondominant hand anchors the epidural needle
by grasping the epidural needle hub between the thumb
and first finger and placing the back of the hand against the
patient’s back. This technique is similar to spinal anesthesia,
during which the nondominant hand steadies the intro-
ducer needle as the spinal needle is advanced with the
dominant hand. As the spinal needle tip passes the tip of
the epidural needle, a small increase in resistance to
advancement is usually noted. As soon as the anesthesia
provider perceives the "pop.’ indicating puncture of the
dura-arachnoid with the tip of the spinal needle, spinal
needle advancement should stop. The hubs of the spinal
needle and epidural needle are then firmly grasped together
between the thumb and first finger of the nondominant
hand and the spinal needle stylet is removed. After verifying
the backflow of CSF through the spinal needle, the syringe
with the prepared spinal anesthetic solution is attached to
the spinal needle hub and injected, and the empty syringe
and spinal needle are removed together. The epidural cath-
eter is then sited in the epidural space, exactly as if initiating
continuous epidural anesthesia. In dural puncture epidural
(DPE) analgesia, the procedure mimics that of combined
spinal-epidural anesthesia, except no spinal dose is injected
through the spinal needle. Data are inconsistent as to
whether the presence of a dural puncture with a small-gauge
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Fig. 80.1 Combined spinal-epidural block, The epidural needle is sited in the normal fashion and a long spinal needle is passed
through the epidural needie to punciure the dura. (4] Sagitial view. (] Transverse view.

(25- 1o 27-gauge) needle improves labor analgesia com-
pared with epidural analgesia withoul a dural puncture.

Adverse effects and complications of neuraxial anesthesia
in obstetric patients mimic those observed in nonpregnant
patients. The neuraxial injection of local anesthetic agents
results in sympathetic blockade. This blockade is extensive
when anesthesia for cesarean delivery is initiated; neuraxial
anesthesia to the midthoracic dermatomes results in a sig-
nificant decrease in systemic vascular resistance as a result
of arterial vasodilation. Cardiac outpul increases and blood
pressure decreases, sometimes profoundly. Uteroplacental
perfusion is not autoregulated; therefore perfusion is
directly related to maternal blood pressure. A decrease in
uteroplacental perfusion results in a decrease in oxygen
delivery 1o the fetus. Although the margin of safety in
oxygen delivery o the healthy placenta and fetus is signifi-
cant, this margin is reduced in some patients (e.g., those
with preeclampsia). Maternal hypotension is associated
with low neonatal Apgar scores and acidemia. Thus it is
critical that the anesthesia provider maintain maternal
blood pressure close to baseline during neuraxial

analgesia/anesthesia. Blood pressure should be carefully
monitored after the initiation of anesthesia. A patient com-
plaint of shortness of breath, nausea, or just "not feeling
well” within 15 minutes of initiating neuraxizl anesthesia
is caused by hypotension until proven otherwise, Often, the
hypotension is preceded by an increase in heart rate. A
combination of a rapidly administered intravenous fluid
bolus beginning at the time of initiation of anesthesia (so-
called coload) and administration of a prophylactic vaso-
pressor (e.g., phenylephrine), is the best method for
maintaining blood pressure; hypotension should be treated
with additional bolus doses of a vasopressor.

Other adverse effects of neuraxial analgesia/anesthesia
include pruritus {(from neuraxial opicid administration),
urinary retention, and shivering. Low-grade fever occurs
in approximately 15% of parturients with neuraxial analge-
sia—the mechanism is currently not known but is likely
related to noninfectious inflammation.

Meuraxial analgesiafanesthesia may fail for 2 number of
reasons, The most obvious cause is failure to inject the drugs
into the intended space. Patients in advanced labor may
complain of pain because of “sacral sparing” Anesthesia
solution injected into the lumbar epidural space preferen-
tially distributes cephalad rather than caudad. Therefore the
low thoracic sensory block established carly in labor may



provide satisfactory analgesia early in labor, but as labor
progresses and sacral dermatome blockade is necessary,
breakthrough pain may result. The injection of a large
volume of dilute local anesthetic solution (10-15 mL) may
facilitate local anesthetic distribution 1o the sacral canal.

Complications of neuraxial anesthesia in obstetric
patients mirror those in nonobstetric patients and are dis-
cussed in Chapters 51 and 52. These include the unintended
injection of the local anesthetic solution into an epidural
vein, resulting in local anesthetic systemic toxicity, or into
the subarachnoid space, resulting in high or total spinal
anesthesia, Occasionally, the epidural needle tip or catheter
is sited unintentionally in the subdural “space” (a potential
space berween the dura and arachnoid membranes). The
injection of local anesthetic solution into this space results
in a characteristically patchy block: onset time is similar to
enmidural anasthesia, but the cephalad extension of the block
may be higher than expected.

Multiple drug errors have been reported—care must be
taken to correctly identify all drugs prepared for neuraxial
injection, particularly those injected into the subarachnoid
space. Permanent cauda equina syndrome may result from
the unintentional injection of neurotoxic substances.

Neuraxial damage may result from direct trauma to the
spinal cord, conus medullaris, cauda equina, or spinal
nerves. Indirect nerve tissue damage may result from isch-
emia or compression injury from a neuraxial hematoma or
abscess. Obstetric patients are at increased risk for throm-
boembolic disease and death from pulmonary embolism;
thus many patients receive prophylactic pharmacologic
anticoagulation therapy. A thorough drug history is neces-
sary before planning a neuraxial technique.

Meuraxial infection is a rare but feared iatrogenic com-
plication of neuraxial analgesia/anesthesia. Epidural
abscesses are usually caused by skin contaminants—thor-
ough skin decontamination is indicated before initiating
neuraxial techniques, particularly in the labor and delivery
room, which is not a clean/sterile environment compared
with an operating room. Meningitis after neuraxial proce-
dures is almost always associated with a break in sterile
technique. Streptococcus viridans species, which thrive in
a watery medium (e.g., CSF) may be transmitted from the
oropharynx of the proceduralist to the needles, catheters,
and drugs used for neuraxial anesthesia.

Postdural puncture headache is a complication of neur-
axial procedures. Young patients are at higher risk than
other patient populations. The unintentional puncture of
the dura-arachnoid with a large-bore epidural needle can
cause a debilitating headache in the postpartum period,
interfering with maternal-neonatal bonding.

Shori-term backache after an obstetric neuraxial proce-
dure may be due to local tissue trauma. There is no evidence
that obstetric neuraxial procedures are associated with
long-term backache, although many patients suffer muscu-
loskeletal back pain in the postpartum period,

* Preprocedural ultrasound facilitating identification
of neuraxial anatomy is particularly helpful for
obese parturients; however, the posterior complex
may be difficult to visualize. In the TM view, the

depth from the skin to a line drawn between the
transverse processes approximates the depth to the
epidural space. It may not be possible to accurately
identify the interspace in morbidly obese patients,
but it is almost always possible to identify the tip of
the spinous process. It is useful to remember that
the length (posterior to anterior) of the typical adult
lumbar spinous process is 3 to 3.5 cm. An estimate
of the depth to the epidural space can be obtained
by adding this value to an ultrasound-measured
distance from the skin to the tip of the spinous
process. Finally, an ultrasound-assisted paraspinous
approach has been described in which the
hyperechoic tips of adjacent spinous processes are
identified and marked on the skin in the TM view.
The needle is introduced 1| em lateral and 1 em
superior to the tip of the spinous process and
advanced using a classical paraspinous approach to
the interlaminar space (the needle is angled slightly
cephalad [5-10 degrees] and slightly toward the
midline [5-10 degrees|, and walked off the lamina if
bone is encountered).

When caring for obese patients, longer needles (e.g.
10-13 cm) may be necessary to reach the neuraxial
canal, and use of a larger-gauge needle (e.g.
24-gauge spinal needle) mitigates the tendency of
small-gauge needles to veer off to the side as they
are advanced. Alternatively, a combined spinal-
epidural technique can be considered because it is
easier to advance the larger-gauge epidural needle
through the spinal ligaments into the epidural space.
Laboring patients may have difficulty maintaining a
still position. Patients may reflexively move and
rotate their spine during painful contractions. If
difficulty advancing the neuraxial needle is
encountered (e.g., repeatedly contacting the
vertebra), reassessment of body position may be
helpful. Additionally, most patients are readily able
to differentiate needle movement to the left or right
side of the sagittal midline plane. When difficulty is
encountered, it may be helpful to ask the patient,
“De you feel this on the left or right side, or in the
middle?" Assessment of shoulder height may help
identify axial rotation (the shoulders should be level
if the spine is not rotated), Continuous, reassuring
verbal communication with the patient is critical to
success.

When using the combined spinal-epidural
technique, the spinal needle tip must extend 12 to
17 mm beyond the epidural needle tip when the
spinal needle is fully advanced through the epidural
needle (Fig. 60.2), or the spinal needle tip may not
reliably reach the subarachnoid space when the
epidural needle tip is sited in the epidural space. A
127-mm spinal needle is commonly used with a
standard 9-mm epidural needle. However, because
of differences in hub configurations among needle
manufacturers, some spinal and epidural needles
may not be compatible for combined spinal-epidural
anesthesia; the spinal needle tip may not extend far
enough beyond the epidural needle tip. Some
manufacturers provide combined spinal-epidural
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Duaral punctuge, headache after, 333-334, 336
with epidural block, 349
with gpinal block. 331-334_136
Duaral sac, snatomy of, in caudal epidural block, 3247
Dura mzicr anatomy of
in caudal epidural block, 324(
in epidural block, M- BM, ME-MTI 3506-3510
i spenal block, 330, 336
in theracic nevramal blocks, 3251
Dysestbsesias, with sciatic bliock, 137
Dispives. with high spinal black, 338

E
EMLA cream, 13, 13
Endotharacie fascis, anatomy of, in paravertebral block,
el
Enhanced recovery after surgery (ERAS) programs, 199
Epadural anesthesaa, 385
Epidural block, 341-352
amatomy for, 2, 3203440
anticoagulation with, 349
catheter in, M9, 3520
cervical
anatarmy for, 3504
needle puncture for, M6~ 347, 3500- 3500
beadache with, 349
hemasoma with, 349
Incogrect Injection sites in, 347, 352
Tocal anesthetics for, J41, 35210
lumsbar, peedle punciuge for, 342, 3440- 3450
nearologic injury afier, 348
jpatient selection for, 241
position for, 342
pcﬂrnlia] pmb'lvfm:. with, M47-34%. 352
thosackc
anatomy of, M3F
mecdle panoare for, 394=346, M60=2490
Epidural bleod parch, for postdural puncture headache,
36
Epudural catheters, M9, 3524, 3&5-386
Epsdural infusion, 121
Epidural space, apmomy of
in epidural block, 3420-3430
in spinal block, 3307
in thoracic newraxial block, 3254
Epidural veim, 386387
Epidurogram. catheicr 1ip bocation, 366
F.plmphrim'.l
for cpidural anesthesia, 186
firt epidural block, 341
for erector spinsc plane block, 281
for infraclavicular block, 73
For ls.pilui block, 329
fio stellate ganglion block, 223
Erectos spinar musche, 2natomy of
inereclor spimsd phm' block, 282, 382
in lumbar pleaus Wock, 1290-132F
10 quadratus humiborum blogk, 313=-314. 3150-3160
Ercctor spinae plane block, 254, 2557
anatomy 252
catheter inserinn for, 286, 2870
cranial-caudal in-plane approach, 236
indications, 28] -280
local anesthetics, 281
pharmacologic choice, 281
position, 282, 386
posertial complications, 186
sonoanatomy, 2840 2R50
ihorax, posterior wall of, 283
ulirasenind guided injection 1echnigquee, 282,
2641-2H6], 286
Famasch bandage, vernous exsanguination with, 107, 104
Esophageal cancer, right thorscatimy for, 2526
Exsophagus, anstamy of, in steflate ganglion block, 224,
2244
Ester bical ancsthetics. 11, 14
Elidecaine, 6=7
1 A
L‘F::;lum..m_ verous, In intravenoas regronal block,
107, 1090
Extensor hallucis beagus tendon, anatomyy of, in ankle
block, 20410
Easernal intercostal muscle, anatwmy of, in
p:rlﬂﬂtbrllﬂﬂh 175, 278f

External ablique intencostal block, 254
Exsernal obligue intergosial fascial plane (FOIFF) bock,
299312
anatomy and sonoanatomy, 209, 3004
chimical discussion, 301
imdications, M)
limitation of, 301
lieeratare review and evidence, 300
technical description of, 200, 3011
External oblique musscle, 300

anatorny af
in guadeatus lombarum Block, 3140
ir subostal trarevers bdominal plane blodk,
;A 3nr

in transversus abdomunis plane block, 207
Extraphural compartment, anatomy of, in paravertchbral
block, 2780
Exirinsic back muscles, anatomy of, in crector » s
plane block. 282, 2820

F
Face
intracrantal venous connections, 229, 2331
mscles, 2340
vascular anatomy, 229, 2320
Fascia ilizca, anatomy of
in femoral block, 1500
in lower extromity, 105, 1180
Fascia ihaca companmental block (FICH), 157, 15
anakoamiy of, 157
dlipical corrclations, 117
scnoanalomy of, 157-15%, 1580
technigue of, 157-159
Fascia laia, Jnadnm:,.'nl‘
in femoral block, 15300
in bower extremity, 115, 118§
Femaral artery, anatoay of
in adducior canal block, 181(- 1821, 184
in femoral block, 1471, 1507
n popliteal and saphenous block, 1744, 1790-150
Femoral block, 145-152
dlinacal correlations, 116-117, 1220
indlegation for, 145
lowcal anesthetec for, 145, 1500
needle punciuge for, 145, 149(-1500
position for, 1480
sonoanalomy for, 145
technique for, 145, 14801501
ul.lqsnrso‘laphyrgmnlﬂl. 145, 1500
Femoral canal, anatomy of, in femoral blog, 1500
Femoral cutaneous nerve, lateral. Soe Lateral femoral
CULAMEOUS NErve
Femoral nerve. maum:rol'
n adductor canal block, 181
in femoral block, 145, 146§=14710, 1501
i lumbar plewus block, 1281, 1330
i seianic block, 1360-1 386, 1408
Fermoral nerve, in lower extremity, 115
Femworal sheath, anatomy of
in femoral block, 1300
in lower extremity, 115, 107F
Fermoral :ru,n'glc. anabomy of, in kwer extremity 1150 Fil
Femoral triangle block, 1687-15%0
anatomy, 196, 197
pharmacologic choice for, 196
smnoanomy, 187
technique, 187
ultrasonography-gaided njection technbque, 197, 194810
Femoral vein, anabomy
in adducior canal block, 181F-1821
in femmaral block, 1508
Femoral vevicls, on magrelic resonande imaging. 1404
Femur, preater trochanter of, anatomy of, 10 sciatic block,
130- 1428
Fentanyl
for coanbined spinal-cpidural labor analgesia, 386
in spinal block, 336-337
Flaa-filled s nunnel (FFFT), LECH block in, 163
Hexor hallucis muscle, snatemy of, i ankle block, 2047
Flusoiopy, catheter 1ip locaion, 366
Fosot bomes, 1264
Forcarm u.lrg:ly.ndhr-_r black foe, 53
Four- dimsnsional (41} uhirasound 1echnology, 29

G
Giadn, 23
Gastrocnemius muscle, anstomy of, in popliteal and
e sllp:leruwl-Hm.‘k. 1720 740
senitular artery, anslomy of, |
e i of, in sxphenows block, 1735
Glissopharynpeal block
anatomy of, in airway block, 239, 235(- 2361
sonanatomy, 139
technigque, 239, 3411



G‘le,.u.nph:rpnu,cﬂl nerve, amatomy of, 230, 230, 2349,
aof
in arway block, 239, 234(-235(
in ghowsepharyngeal block. 229, 235(-236(
Glutews mamus muscle, anatomy of, in sgaatic block,
1408, 1420
Gorw-Ciates techmique, #5=96, 961
procedure, B
Gracilis musche, anatomy of
i adductor canal block, 181-1827
wn femoral ock, 1471
n \-.lq'-hrmll.r- black, 173F
Gravity, venous exsanguination by, 107, 1 104
Chray ramus SonumEnsans, Maf
Crreat sterboular nerve, anafomy of
in eervical plexus block. 215, sl
| -uu|\rrr|.'u1 cervical plexus bhock, 3761
Greater nccipital nerve block (GOME)
clinical an: 319-220, 2200
cotiira i . 219
1! prone, 219
Lanabmark busod technbque, 220, 2200-2210
bocal amesthiction e 219
posaible copnpicatiom, 221
techmigues, 220
i arsv- paidod techmigue, 230-221, 221F- 230
ne merve ok, ™4
rrocedure,
Greene necdle. for ypanal block, 333-334

H
Hamnd surgery, snillary black for, 83
Hanging drop technegque, i eprdural block, M2-343,
3451
Headache, postdural punciure, 333-134, 336
watly quduu! bk, 349
with ypenal block, 333134, 3136
Hematoma
with epidural block, 349
with retrebulbar {peribalbark block. 211 214
Heparin, low molccalar-weight, epidural block and,
e
Hegh-frequency linear ultrasound probe, 47
jllﬁ:ﬂc ?}h-“mlmc proaimal adductor canal) block,
195
Hip joint senervatbon, analomy of, i leivee extrematy, 115
Hip pann, diagnosis of, obturalor block for, 165
Human shoulder, sensory innervateon of, 51-54
Humerus, anatony of
im axillary bdock, B51
i infraclavigular ok, 740
in supraseapular block, 681
Hunier canal, 181, 1946
Hupter’s canal, See Adducior camal
Hypoglossal nerve | X1, 235

1
Iliag crest, anatomy o, in cpidural block, M40
i spine
amatoay of, 1 pediateic caudal block. 3660
ANLCrRoT SUPCLIen A0y of
in ilionguinal and ilishypogastric block,
365372, 3T
i sceatse block, 1404
posterion superion, anatomy of
in cawdal block, 353, 3540
anepidisral block, 3441
in sciatic block, 138(- 1 390
i subgluteal seiatic nerve Block, 1411
Ihacus fascia, anstomy of, in femoral block, 1300
hiacus musches, 1181
anatenyy of
in femoral block, 1471
in lumbar plexus block, 1287
in obiurator block, 1660
Isocostalis (10} muscles, 295, 2977
anatomy of, in erector spanac plane block, 2872,
JH20-2830
lichypogast rec block, 168-372
anatomy for, 369, 3711
positon for, 369, 370(
sonnanatamy and technique for, 369, 371(-3320
ilinhypogasteic nerve, anatomy of, 36%-372, 371-3710
Hioenguinal biock, 369-372
anatonsy for, 369, 3710
position for, 369, 370
sonoanabomy and technigue for, 369, 37 1-3720
Higangu insl-Hiokypogastrec block, 1604
ilndnguinal nerve, anatomy of, 369-372, 3717372
in humbar plexus block, 1334
Iinpectineal fascia, anstomy of, in femoral blodk, 15070
iopsnes muscle, anatomy of, in fensosal block, 1501
“Immigrant” muscles, 282

Imgisive nerve blogk, ™
Imferior alveolar neeve (LAN]) block, 93-97
procedure, 95, ¥5(
Taferor srvicelar process. anatomy of, in eprdural
black, 710
Inferior cervical ganglion, anatomy of, in acllate
ganglion block, 223, 2247
Inferar cervacal sympathetsc ganglion, 360
Infervor lateral cutareows nerve of arm. 451
Inferior subscapular nerve, 438
Indraclavicular block, 41, 43 73-82
anatosny fos, 73-74, 740
comlipuois catheter techmigue for. 77-78
indications for, 79
in-planc technique of, 817
lateral approach for. 800
local ancvibietacs for, 79
medial approach for, 79/
patscns selechion for, 71
pmn:u:rn.!'nu'. w
lwnrnlul probloms with, 77-78
sonpanatomy for, TR-79
technsque for, 79
traditional bock techmque of, 73-78, 74(-75(
uﬂrmmuswhr-guﬂ!d. TR-g2, 78I
Infracabital neeve, anatomy of, in supeeficial cervcal
plexus block, 37l
Infracebatal nerve block, 94
Infraspinatus muscle, anat
black, 681
Inguinal heemis repair, 141
rnguln.'l”lgli'l'ldl'll
anatodny of
in addactor canal block, 1817
in femoral block, 176 1500
wi lusmbar plexus block, 1334
fermorall nerve anstomy a1, L461-1471
Inguinal prrvasgular block, 127, 1380
Imguinal region blocks, 159
anmamical landmark technique, 159
anztomy, 159-160
chinical correlations, 117=118
camphicatbons, 160
indication, 15%
mecication, 159
ubtrasonography-puided, 159, 160§
Ingection Eechnigue, dental local anesthesia, 92
Innet intercostal membrane, anatosmy of. in
paraverichral block, 1780
Innermost intercostal muscle. anstomy ofl in
paravericheal block, 2780
Innervation, of upper limb, 360
In-plane needle technigue, 491, 54-55
axillary block of, 881
for interscalene block, 581
sacroaliae pnnl, 3610
Inacrooatal blocks
PECS 1, 261
PECS 1. 161
pectnintercoutal block, 261=263, 264(-2631
potential complications, 264
ultrascund-gaided ingection technique, 262-263,
Al
Inercostal muscle, anatomy of, 2710, 2720
Intercostal musche block, 251, 255(-256{
Intercosial nerve blocks
analpess afien, 2740
needle position and injection. 371, 3730
viby, angle of, 271, 2720
sonoanalonny. 171
technique, 271
uhmm for, 270, 272-273
Intercostal merves, 303
anatomy of
in intercostal block, 361, 2641
10 paraveriebral block. 2764, 278F
Intercostobrachaal morve
anatomy of, in inercostal black, 261
supraclavicular block, 650
Interfascial enpection technigue, 168
Entermal intercostal muscle, anatonay of, in paravertchral
bbock, 2784
tnernal chliqae sponcurasis, anatormy of, in subcostal
tramsversus abdomina] plane block, M09
Ireenal oblique musele, anatomy of
In quealrats lumbosum block, 314§
in subcostal iransversis abdominal plane block,
209, Af
in transversiss abdominis plane block, 207

Imnm;c?m nerve, of leg. in popliteal block,
172

Im:q?;us?d space. anatomy of, 1n paravertebeal block,

al, i suprascapalar

Interscalene hlack, 35, 400
anatoeny of, S6F, 60
im-plane technique for, 580
lateral decubitias poition for, 580 )
pass '|i|mu$h| middle wealene musche, 591
scalene musches, anatodmy of, 530
sonoanaseamy, 51, 520-550
surfage anstomy, 520
technique, 51-53
ultrasound far, 531, 604
vertebeal anery, anatomy of, 330
Interscalene brachial plexus bladk, 48
Interspimous ligamenl. anatadmy af
in cpidural block, 3420
im spinal block, 3301, 3360
Intertransverse ligament, anatonvy of, in paravericbral
block. X78{
Intervertebral space. sdentification of, for spinal block,
334, 3350
Intralipid 30%, for bocal anesthetic toxicity, 16
Inteavenoas regional block, 107-112
anatomy for, 107
astal IV site for, 109§
local anewhetic for, 110
miechanisms of sctbon of, 111
mecdbe punciure far, 107, LIR0
paticnt selection for, 107
phasmiscologic chodce for, 107
pouition for, 107, 1080
potential problems with, 107-110
VERHMIE eXsanguinstion i, 1 1af
Imrinsic back musches, anatomy of, in ereclor spinac
plane block, 282, 282(
\PACK block, 191-195
color Doppler imaging foe, 191
local anesthetic for, 191, 192f- 1901
posterior knee, eross-section of, 191
OnOEnabomy fre, 191
technaque for, 191
Inchiall spame, anatomy of
in caudal epidural block, 3220
i podastric cawdal block, 3664
Ischial spine ligament, anatomy o, in pudendal nerve
Block, 3500

lschial tuberasity
in pudendal nerve block, 379, 3801
in sciatic block, 1A7(-1406 1420

!
Jound Commisaion, 3
Jugular vein, 597
anatomy of
in stellste ganglion block, 224, 2241
in superiicial cervical pleaus block, 376f

K

“Kissing sign,” 187

Knee pobid, anticular surfsces of, 1250
Kot joind innervation, 116

L
Lacrimal artery, anatomy of. in reieobulbar (peribulbar)
bk, 2120
Lamina, anatomy of, in epidural block, 3436, 36(-3480
Landmark-based GONE technique, 220, 22002210
Lateral antebrachial cutancous merve, 546
Lateral cord. 38-39, 420 44f
Lateral cutaneows nerves, 420
anatomy of, in serratus anterior muscles, 267, 2680
of forearm, 441
Laicral decishatus podition
for epidural block, 342
for imerscalenc block, 560
for quadrabus lumborsm block, 3146-315
for spinal block, 330-233, 2300
Lateead femoral culancows merve, anatomy of
in fermoeal Block, 146F
in lumbar plexus block, 1281
im sciatic block, 1360- 1360
Lateral femaral cutaneous nerve blodk, clinical
correlations, 118
Lateral femoeal cutaneous nerve of the thigh (LFCR],
16i=064
anatomy of, 161, 1621
nerve targeting technique, 161-163
senpanatomy of, 161
subinguinal technigue, 161- 163
technique of, 161, 16210
ulirasonography- guided, 161-163, 163
Lateral infraclavicular technigue, 7
Lateral pectogal merve, 420
Lateral rectus muscle, anstomy of, in retrobulbar
(peribulbarh biack. 211, H=204F



Index

Lateral supraclavicular merve, anatomy of, in superficial
cervical plexuns blodk, 376l
Latissirmus dors mascle, anatony of
in erector spinse plare block, 262, 260
in quadratas lumborum block, 3141-3170
im serrakus anberior muscles, 267, 2680
Leg. Ser Lower extremisy
Lesser accipial nerve, anstomy of
in oervigal plexus block, 215, 2060
in saperficial cervical plexus bock, 3760
Levater seapulse muscle, 400
anatomy of. in soperficial cervical plexus block, 3760
Levobupivacaine 7. 13
for dual subsarionizl block. 196
for erector spandc plane blod:, 281
Lidogsine, &
for ankle block. 201
e anillary Block, 84
for epidurs] ancsthesia, 366
for epidusrz] block, 341
for infraclrvicular block. 73
for nlravencus regional block, 107
for abturator block, 165
for popliteal and saphenows blodk, 171
for sciatic black, 135
for spinal block, 329
subarschnosd, 44, 3-6
and tetracaine transdormal patch, 13-14
Ligameatum flavem, analomy of
in epadural block, 343, 3423454, 3504-3511
in spinal block, 3306 JME
in thoracic peuraxial block, 3257
Lincar probe, 26, 277
Liposomal bapiacaise. external oblique intercostal
fascial plane blick. 30
Lipesome bupnvacaine, 12-13
Local anesthessa toxscity, 57-%8
Local anesthetics, 3-8, 4-5(
nl-adrenatecepor 2ponids B
amino esbers 3, 5-6. -4
for caudal epidural block, 3234, 324f

for femoral eriangle block. 187
mechanisen ef actson of, 41
opioids. &, &
in ?I.‘d.l.‘l‘lnh-\. 11-18
amide. 11
osler. 14
single-shod caudal epidural dose of, 121
toxicity al, 14-16
weroids, &
sermcrure o, 51
timeline of, 34
tagicity of &
with sadllary block. 85
with epidural Bock, M1, 3520

vasionnstrictors with, 7-8, B0
Local aneuhetic syastemic toxicity [LASTL &
Local infiltrateon, 92
Lerng aibisrv nerve. amatomy of, in retrobulbar
[peribuloar) blode, 211 2041
Longrisimus (L5} musiles, Z95-296, b
anatomy of, 15 crecton spinae plane bleck, 262,
3-8
Lang poctoal nerve, 51
Losg theracic rerve, 397
anstomy of, 267, 266(
Longus camai mascle, i
snatomy of, 10 superfcial cervical plexus block, 3760
Loergues colli mu wcle, 400
anatoemy o, oh stellate pasglion block, 224-226. 124(
Liois o -Frsivtante sechrigue
i lambar f;‘mdhli: block, M50
i thasracic epsdural block. M -346, 3439
Larwer entremity Block. ansiomy of, 113-128
Liswer jarm, anstomy of, 1968
Lipwcet subscapular merve, 31
Lumbar epidaral blodk. reedle punctare for, 342,
e | block, 333, 353
smhar hordeats, i spanal block, 333,
:.Iimb-lf maltifidus plane (LMP), thorsolumbar
interfzscial ph::;-!:?r ”
r neurasial blodk, 313-3
!#ﬂimm.n sagintal wbiligue view of, 324, 32370
parasigattal articrilar proaess View, ,'42-1’
parasagiial Eransrerie process view, 324, 3280
paravagettal view of, 533-324, 3270
Ergnavense axial view ol 323, 3250=3D6{
Lusehar pasaverebral block, 127-128
Lurmbar pleaus. ARACIEY of, 115=106, 1060
Lumbar plesua block, 127=14
clinical coprelatzons, Fo, Nz
il ation: fox, 1340, 1330
enguiral perivascular. 12710

Lumbar plesas block (Canfinsd)
ingection site in, [294- 1300

paransedial longizudinal scanning techmigue for, 129,

1254-1.30f
placement, 127
psoas compartment block, 127-128
relevant anstosny for, 128
transveric oblique scanning tochmiguee for, 129-131
130-1320
Luenbar spinal nerves, 251
Lumbar vertebrac, 1220
Lumbasseral (Taylor) approach, 1o spanal block, 354,
359

Lismbonacral plexus, anstomy of, 119-120, 1 24(-125
Lumbosacral transitional verighrae (LSTV L 359
Lung. anatomy of, in infraclavicular block, 750

M
Magnetic resonance imaging. in sciatic nerve block.
140f

Mandible, osieology of, 91-92
Mandibular injecibons, 34-57
buccal nerve block, 57
Genw-Gates 1ochnigae, 95-96. 96
Imferior alveolar nerve block, 94-57
mcatal nerve block, 97
Maxilla, avcology of. $1-92
Maxillary impections
anterior superior alveolar nerve (ASAN] block, 94
grester palatine nerve biock, 4
pasapalatine nervefinanive nerve block, 4
pesterior saperior alvealar perve, 93
supraperiosteal injection, $2-54
Maximum recommended doses [(MRID5), 93
Medial anicbeachial cutancows nerve, supraclavicular
block. 651
Medial cord, 38, 420 41
Medial cutaneous merve, 427
Medial episondyle, 40-45]
Medial parellar retinsculum, anatomy of. in saphenous
block. 1731
Medial suprachavicular nerve, anatomy of, in superficial
cervical plevus block, 3761
Median nerve, 39-42, 43, 49, 597
anatcmy of
wn amillary block, 83
i brachial plesus block, 848, B8F
in infraclnicular block, 75¢
of distal upper extremiry block, #3100
Mental nerve block, 97
procedure, 97
Mepivacaine, 7
for andle block, 200
fior axillary block, 84
far epédural block, M1
for oblurator block, 165
for popliteal and saphenous block, 171
for sciatic block, 135
Microulirasound, 29
Middle cervical ganglion, anatonyy of, in sicliae
ganglion block, 223, 2241
Middlie cervical sympathetic ganghion. 36§
Middde sealene musche, 590
alulr.-mp'd
in infraclaviculae Block, T4f
in superficial cervical plexus block, 376(
needle irsertion in, 53
Midline spproach
1o Jumbar epidural block, 342-343
1o spinal block, 334, 338(
adidline ncivions, bilateral blocks for, 3070
Modor perve, 42, 4
Mator-sparing block, 195
Muhilidus (MF) mausches, 295-296, 2971
Mircubocianomss Berve, 368, 420, 447
anatomy of
in axillary blck, B4E RS
i brachsal pheaus block, 850, BRI
in infraclavicular block, 75¢
boach o, BY- B4
M}mnmc immervat o, of upper limby, 540

B

Branalagrimal duge, 2080

Haopalatine nerve blsck, 99
plmdurf. ™

Mok
tachial pheaus mapor componens in, 5[
anad 1 fibers, 2350
I'I}'pq:ll.mal rerve im, 235
posterion triangle of, 236f
trafwverse cervical merve, 2460

Meedles, 19, 200-201

Needle 1ip endpoint. 200
Needle 1 tracker, 29
Nerve blogks
for shoulder susgery, 57
ultrasonography-guided, 25-29
Werve rood. 590
Herve stimulsiors, 19=20, 220
Hewrasial analgesia, pregnancy and debivery
anagomy, 186 -387
meedle punctune, 87388, I8
patient sclection. 385- 386
pharmacolegic chimce, 386
peosstion, 387
potential problens, I88-389
Newraxial anatomy, surfsce relationships in, 394F
Wewraxial blogk, 301
caudal, 353
cptdural. 341
spinal, 330, 336
ulirasound -assisied. 319=-328
caudal epidiaral Bk, 322-123, 30213250
lambar, 323-324
sooanatony for, 321
thoescke, 324, 325(-327(
MNewranal damage, M9
Mewraxial infect fon, 380
pewraxial labor analgesia, 385
Meurologic injury
widh \'P\.II.'I.I.TJI block, 348
with 5.|1|r|.1l biock, 334
Neurstonicity, direct. of bocal ancsilc tics, i podiatrics,
I4
*Wever Evenis 31
Nuwpdrbq'tnnn. &

0
Oblwoe muscle, anatomy of
in retrobulbar (peribalbar) block, 2140
in subcostal transversus abdominal plane Block, 3111
n iranversus abdoeminis plane block, 307
Obturaior block, 165-170
anatomy, 165, 1660
clinical corrclations, 118, 1214- 1220
indacations for, 166-168
needle puncture for, 165, 1671
patient sebectaon for, 165
pharmacoligic cholce for, 165
panition for, 165
petential prablems, 165
sonoanabemy for, 166
technique fos, 168, 168F-1691
Oibiurator foramen, anatomy of, in obturstor block,
Véid= 1671
Obturaor nerve, 125
.\n.l'lnm}'l.rf
in lurnbar plesus black, 128f, 1330
i oburaior block, 165, Bebl=1671
i snatic block, 13601381
Oiccipitalis nerve
major, anatomy of, in seperficial cervical plenus
block, 376{
minor, anatomy of, in superficial cervical plexus
block, 3760
Ophahalmic artery. anatoany of, in retrobulbar
{peribulbar) Dlosck, 200, 2020-2140
DOpicids, 8, 81
Optic nerve, anatomy of, in retrobulbar {peribulbar)
black, 201, 2i2(=2141
Orbiculans oculi muscle Block, van Lint mcthad, 211,
213
Crbut, amalomy of, 201, 2020, 2140

|4
PFaramedian approach
vo spinal block, 334, 3387-339F
o tharacks epsdural block, 3430 344- 36, 34810
Faramedian longaudinal scanning techmique, 129,
1291=130f
Paranasal simuses, 2380
H'N;TT, muiscle, anatomy of, in paraverichral block,
Paravertebeal block, 251, 2570, 275- 380
coanplication, 276
comtrandications 1o, 175
indications fog, 275
paramedian approach, 276
ratisnl pusitioning for, 276, 2777
satwknatoamy fod, 275
technigue fos, 275276, 2794
Paraverteheal catheters, in pealianrics
comexindications, 38] - 183
indicalions, 381
local ancstlctics, 381




Paraveriehral catheters, in podaatrics (Contined)
paramedsan approaches, 341
sonoanatomy, i
technigque, 381, 382/
transverse approach, 381, 1831
Paravericheal space, anatomy of, in paravertehral black.
2764, 278
Panietal plewra, anatomy of, m paravericbral block,
2780
Pariofidge- Tativer wadiome, 63
PART. 26. 280
Patellar lgament, anatsimy of, in saphenous block,
173
PECS 1 Blodk. intercontal, 251, 2520, 261, 2631-2640
PECS I Block. intercastal, 351, 261- 263, Jadf-2edf
PECS blogk, 251- 255
Pectineus i e, onatomy of, i femoral block, 1504
Pechmnterus ok, 250255, 250, 261=36),
-2
Pectralis g mcle, anatomy of, in infraclavicular

-,

Pecerrabis

wiscle. anstomy of, i anfraclamoelar

Pt ifis mais
in i rac] siar bilosek, T
i serrafu vrior musches, 267, 26810
Pedastric possiteon, tor cadal block. 353, 3550
Pediarrecs, counlal Block in, 363 -368
Pelvis, -l.'lll['\_"!::--\,.--\. trunksan, 124§
Poribalbar bl b See Retrobulbar “l-enbulbar] block
Perpcapraslar noeve proup (PEMNG) bluck
aslvamage al. 153
anatomy of, 153156, 153
indicateons, 151
lingzl anesihectics for, 153
a4 i...l'l;.um.- ablative technague, 153
]munu.ﬂ pruh'h.-l-n-\ woith, 155= 156
sompanalon ey, 158156, 154
techmigque for, 154-155, 1541 1550
Permodenial I:r_,.um'nl e s, 97
procedure, 97
Peripheral perve Block. 1111
Peroneal nerve, anatoimy ol i# l'lﬂ}"'lllﬂl and !-thl'l‘f"-l'-

block, 171

Peramyus brevis nuiscle, anatomy of, in ankle block,
2041

Pharmacodogy, 1-10

Phenylephrine, &
[ '.ptrul block, 329
Phrere merve, 390-40, 53
C5 branch 1o, 39]
Phremnis apaning elfects, 57
Pieiformis muscle, anatomy of, in soatic block,
V370- B 3ET
Plantar nerve, anatoany of, in ankle block, 2030
Preumaothorax, 661, 276, 300
wntercostal block, 271
paraverichral block, 275-276
Popiceal areeey, snstomy of, in poplieal bock, 1740
Popliecal block, 171-180
Anlomy for, 1710, 172
climcal goreelatsons, 121, 1250
indwations for, 174
needle angle for, 1730
necdle punctare for, 171, 17M
patient selection fur, 171
pharmacologse choice for, 171
puosition fog, 171, 1766-17710
potentsal problenss with, 173
sonoanatomy for, 173= 174, 1740- 1754
technique for, 174-180, 178(- 180§
Paplateal fossa, anstomy of, i popliteal and saphenous
black, 170, 175, 1740
Postoesarean delivery an.:ls;;'li.l. 185
Postenor circumiblex artery, 480
Posterior circumilex hunieral artery, 4 i
Paosterios cord, 40
Postersr Culancius merve
o arim. 43
of forcarm, A5F
Poste reor CUlapesus nerve, anstomy of
in popliteal Block, 1750
in sciatec block, 1377
in serralus anterior muackes, 267, M8
in subspluteal sciatic merve block, 1410
Posterior sacroceccygeal ligament, anstomy of, in
prsliatric cauddal block, 3660
Pastenor superior alveolar nerve (PSAN), 93
procedure, 93
Posterior superion thac spie, snatomy o, 353, 3540
in epidural block, 341
b seratic block, 1 3s(
wn subghuteal sciatic nerve block, 1410

Pasterior tibial artery, anstomy of, in ankle block,
204
Postenior tiknal neeve
anatory of, in ankle blogk, 2041
necdle punciure a1, for ankle block, 301
Prevertebral fawcia, anatomy ol in cervical plexus
blosk, 215, 2170
Prikaing, &, 107
for smeavenous regional block, 107
Procaine, 5, 50
Profunala brachal amery, 45§
Prone jackknife possison
for epadural block. 342
for spinal block, 330- 333, 31320
Prone position, for caudal block, 353, 3560
Proas compartment block, 127-124
Puas mapes muascle, 1180
malmm'M
in femaral Block, 1477
wn lumsbae pleaus block, 1296-132
o yusdratus lamborum block. 3146- 3165
Pacds finor iendon, anatomy of, in lemoral Block,
1504
Puoas muasele, amatoanmy of
m femaral Block, 1500
o buivbar plevas block, 128, 1280
in obaurator blogk, 166
Prerygopalatens fossa, 3777
Pubic tubercle, anstony of, in scatic block,
140
Puedendal nerve, ansamy of, 379, 33010
Pudendal nerve blogk, 379- 350
contramndsations, 379
mnalications, 379
positan, 379, 3801
sonoanatomy, 379, 3800
tochnsjac, 379, dsof

Quadritus femoris musche, anstomy of, m wistic blod,
1404, 1424
Quadratus himborsm block. 255, 257E 513-318
amteriar, 313, 315
Isieral, 113, 315(
osterio, LTRAR I
sonaanatomy for, 313, 3140
subcostal, 31 3=314, 3156-216¢
suxprailiac anbeniod, 314- 316, M7
teshimique for, 313-316, 3150-3171
Quadratus lumboram muscle, anatomy of
in bumbar plesis bock, 1280
in quadratus lumborsm block, 313, 3141
Cuadrilaeral space, 48(
Cuencke. Babeisck meedle, for spinall black. 333=-33

R
Radial nerve, anatomy of, 42=-04, 430 450 590
wn arm, 45
in axillary Block, 83-84, 84(-650
m brachaal plexas block, K50, 881 .
ol distal uppeer exirenuily block, 103=103, 100
ininfraclrvicular Bock. 76
supraclivicular block, 650
Hanmid
dorsal, 2620
in paraveriebral block, 2768, 2780
venlral, X1, 1627
in paravericbral block. 2764, 2781
in Lransversss abdominis plans blodk, 307
Bectiss sbdominis muscle, anatomy of
in rectus sheath Block, 303, 3040
it subcostal transversus abdominal plane block, 109,
3oa{-310f
Hecnus capitis amtersor niusche. $0f
Hectus capitis lateralis nausche, 400
Rectiss muscle, anatonsy of, in retrobulbar (peribulbary
block, 200, 202(-214f
Recruws sheath, 303
organueation of, 2581
Hecrus sheath block, 232, 258(- 2594, 303- 306
and catketer i mbulis. 303-306
sonsanatomy, 308, 3040
rechnique, 303, 3040-3050
Recurrent laryngeal merve block, 245-248
anatomy, 245, M6{
technbque, 245
ultrasound technigue to, 238(
Rellection, 23
Regional snesthesia
drugs for. See Local anestheties
procodures, fime-out protocol, 32
ultrasonography -guided, Sec Ultrasonography
Vs ol ERors i, B

Index

Rr.,;hm:ll block. checkbing for, 31-31, 51b
Revalation, 21
Retrobualbar (peebalbard black, 209-214

aryamy o 201, 20306 2048

hematoma wiih, 210, 214

necdle puncture for, 210, 214

paticnt sebection foe, 201

posation fior, 210, 2020

potential problems with, 214

van Lint method for, 201-214, 2030
Retrosclivicular block, 840
Keverberation arifsa. 23
Khomiwaid macle, anatoemy of, in enector spinae plane

black, 282, BR21= 2800

il

facets for, anatomy ol in epadursl Blodk, 2477

first, anatomy of, i infraclavicular block, 756-7af

neck o, anaomy of, in parsvertebeal block, 2786
Foots, 35, 380

intedscaleme block, 35, 40f
Ropivacaine. 7, 13, 51-535

far ankle block, 200

for anellary block, B4

foor Jdipa] sabariorial block. 196

fir :p.u.lur.:l block, il

Yosp epn!uul Labyisr lrulgnu, A8H

for crector spinac anse black. 281

for temwora] Block, 45

for infraclavicular block. 73

for chtwrator block, 165

for poplateal block, 171

for sgnatec block, 135

fior srellate ganglion block, 223

thorscolumbar interfascial plane, 295- 29
Totaros cull, anatonay of, in suprascapular block, 681

bl
Sacral anatomy, sex of patient and, 353, 1540-355¢
Spcral canal, ELEIE of, in caudal block, 3234, A577
Saral cornua, anstomy of, in candal block, 3226, 3556,
5T
pediatne, 165
Sacral hiatas, anatomy of
in candal black, 3230 333, 3540, 3507
p\-nliatn'r. 165, Inbl
in scatic block, 1091
Satrooecyped] mombrane, anatvmy of, i caudal
epiduaral block, 323 32040
Sacroilisc joint ingection (S11L, 339-362
apsloemy, 359
diagnamic, 159
indscaiions for, 359
bimear agray ultrasound prabe, 3611
muscular and fascil support of, 359
technigue of, 360-3561
therapeutic, 359
12-gauge nocdle. 361, 3610
ultrssound-guided, 359360
Sacrovpinoas ligament, snatomy of, in pudendal nerve
bilusck, X804
Sacrodusberoais igansent, anstomy of, in sciatic block, 1417
[acrom, anatomy ol 1n casbal Black, 323
podhiatric, 3640
Saphenous blsck
climical corsclations, 116, 120
local anesthetics for, 171
needle puncute for, 171, 174
patient selection for, 171
pharmacslogic choce for, 171
with popliteal Blodk, 171
Wulinn far, 171
potemial problems with, 173
Saphenous rerve
analomy of
in adducsor canal block, 181118210, 1844
in ankle block, 2000-204F, 20, 2071
needle pundlure at, for ankle Bock, 201=203
in saphenoas block. 173
sondanatomy of, 151
Sartorius muscle, 196
anstomy of
in adductor canal Block, 1824, 1844
in Fenoral block, 1471
im lagerall femoral cuteneous nerve, 161
in saphenous block, 173
Scabene mscle, 408
anatomy of, 526
in amirachavicular block, 754
Scapala, 430
anstomy of
in epidural block, 344F
i inraclavicubar block, 741
in suprascapular bluck, 687



Scapular ligement, anatomy of, in suprascapular block,
L

Scapular notch, anatomy of, in suprascapular block, 697
Seiatke Block
anatomy for, 135, 13601380
antersor approach wo, 136=137
needle punciure for, 136-137, 140f
peosition for, 136
classic approach 1o, 135-136
needle puncture for, 135=136, 139
peositbon far, 135, 135f
clinical correlations, 120-121
local anesthetic solution for, 133
patient selection for, 135
choice for, 135
petential problems with, 137
sonoanatomy for, 139
surface marking technigque for, 1390
vechnique for, 1 59=141, 1420
traditional block technique of, 135137
ultrasonography-guided, 139-143, 1430
Sciatic merve, 1211
anatomy of, 135, 1364-138¢
in poptiteal block, 1741- 1751, 1791
in subghuteal sciatic nerve block, 1417
an magnelic resonance imaging, 1400
Seiatic nerve block, 191
Sclerotome innervation, of upper limb, 557
Seipiae, from bocal anesthetic 1oxicity, prevention and
wrestment of, 16
Semimembranosus muscle and tendon anatomy of,
in popliteal and saphenous block, 172(-1741
179 - 10f
Semitendinorues muscle and tendon anatemy of,
in popliteal and saphenous Block. 1721-174f,
1796-180F
Sensory innervation, of human shoalder. 51-54
Sensory merve, 41-42. 44
Sentinel evems, 3
Serratus antersos Block, 250, 253{-2540
anatomy, 167268, 2681
endkications, 267
potential complications, 268- 169
semsory distribation af, 268
ultr: d-guided inpestion techni
268
Serratus anterior muscle
anatomy of, 267, 2651
anatemy o, in infractavicular block, 73-74, 74
Serratus posterior infiricr muscles, anatomy of, in
erector spinae plane block, 282, 2820
Shaft humerus, hyperechoic margin of, 47
Short ciliary merve. y o, am retrobulb
{peribulbar) bloci, 201, 2140
Shoulder point, 45
inncrvataon of, 4547, 51
Shoulder surgery. 63
nenwb!ndb for, 57
Single-shat technique, 54-55
in fermoral inangle block, 187
in sefratus anterior museles, 268, 2651
Sitting poaition
for epidural block, 342
for spinal block, 338(=332[ 333
Skin, anatomy of, in spinal block, 3300
Shoull, b and lateral aspects of, 2341
Somoanatomy, 4748
interscalene and superior trunk blocks, 51, 520-55f
thoeraoolumbar p.i.rupd'nll inl:!ﬁu‘:u]pl.l.m: blosck,
295-296, 2971
5pccuhr relloction, 23
Spinal ancsthesia, 356
Spinal block, 32%-340, 330
ansiomy for, 330, 330
backache with, 336
cercbronpinal fluid aspiration in, 334. 3370
eombened spinal epidural technique in, 357
continuous, 334-336
Temtanyl in, 336-337
hesdache with, 329, 333-334. 336
high. dysprea with, 336
hyperbarc, 32%
hypobaric, 329
local anesthetics for, 329
Jumbeiacral {Taylor ) approach to, 334, 335/
midline approach 1o, 334, 3380
reedle puncture for, 333-334, 3350-330
meurobigic injury with, 344
paramedian approach to, 334, 3380-3390
patient welecthon For, 329
peetition for, 330- 333, 3300- 3330
potential preblems with, 334336

vasecorstricion for, 329

Spimal canal, anatomy of, in spinal block. 333
Spinal cord, anatomy of
in epldorsl block, 33E 3470
in thoracic neuraxial blocks, 3250
Spinal-epidural anesthesia, 387-358
Spimal fluid. i epidural bock, 348
Spinal ganglicn, anxtomy of, in thoracic neuraxial
blocks, 3250
Spinalis mustle, anstomy of, in erector spinac plane
block. 282, 28202830
Spinal nerve, 2571
anatermy of
in cpadural block, 34, 31477
in intercostal block. 261
i paravertebral block, 2760
Spinous process. anatomy of, in epidural block, ML
kil )

Sprotie needles, for spinal blodk, 333334
Siellale ganglion block, 223-226
anatomy, 213, 2240
indicalions, 233, 120
palpation, 223
pharmacologic chosce, 223
position, 324
potential complications, 226
ulirasound-gusded injectson technigque. 224, 2250
Sternacleidomastold muscle, 5907
amatoarry of
i cervical plexus block, 215, 2160
in infraclavicular block, 75(-764
an saperficial cervical plezus block, 376f
Sternum, anstomy of, in infraclavicular block, 750
Steroids, B
Subarachnoid penciare, with caudal block, 354=1355
Subarachnoid space, snatomy of, in epudural block, 342/
Subclavian vein, anmomy of, in infraclavicular bloack,
Tai
Cubcostal muiches, 2560
Subcostal transversus abdominal plane block, 254-255,
2591, JF-212
indacstion for, 3100
position of patient and wltrasound machne for, 3107
sonaanstomy fos, 309, 3090
techmigque for, 310, 3106-31 1
Subcutaneous a1, sratomy of, in spinal Block, 3301
3n6f

Subadural injection. in cpidaral block, 146, 3520
Subdural space, anatomy of, in epidural blogk, 3920
Subendoihoracic comparment, anatomy of, 1n
paravericbral block, 2780
Subgluteal approach, to ulirasomography guided soutic
black, 1421
Subsartorial canal, 196
Subsartorial plesus, 195-196
anatemy of, in bower extremity, 116, 2l
Subscapularis, 47
Sufentanil, for combined spinal- epidural lsbor
analgesia. 186
Superficial cervical fascia, anatomy of. an superficial
cervical plexus block, 376
Superficial cervical plexus, anasomy of, 373
Superficial cervical plesis block, 373-378, 374f
anatomy and techmique for, 373, 375{-3760
position for, 373, 3740
Superficial peroncal nerve
anatamy of, in ankle block, 2002041, 205206, 2071
needle punstire 1. for ankle block, 201-203
Superficial sacrococcygeal ligament, anatomy of, in
pediatric caudal blodk, 66!
Suptrior articular process (SAR), 295
anatomy of, in epidural block, M3F
Superiar cervical ganglinn, anabomy of, in stcllate
ganglion block, 225, 240
Superior cervical sympathetic ganglion, 361
Supefiof cosleiranwene ligasment, anatomy of, in
paravertebeal block. 278§
Supetior glisteal nerve, anatiny o i peopliteal block, 17
Swperior laryngeal bock. anatomy of, in airway block,
229-230, 23612370
Superior laryngzal nerve block. M3-244
anatomy of, 243, 2430
sonoanatomy, 243-244
technigue, 243-244
Superivs Ebllqur muscle, anabomy of. in retrobulbar
{peribulbar) block, 2140 )
Superior rectus muscle, anatomy o, in retrobulbar
{persbulbar) block, TR, 24T
Superios subicapular nerve. 431
Superitr truank blos, 54-55, 611
sondaanatomy, 51, 520-551
texhnigue. 54-33
Supplementary ingeation, ¥7
perindontal ligamenit injoction, ¥7

-

Suprachavicular block, 3%, 63-64
anatomy of, 641
patient position with ultrasound machine for, 650
sensory and motor distribation of, 650
ultrasonography-guided technbque, 63
indications, 63
prarls, 63
snienamatomy, 63
techmigue, 63
altrasound, S6§
Supraclavicularis perve, anatomy of, in superficial
cervical plexus block, A767
Sapraclavicular nerve, 650
amatomy of, in cervical plexas block, 215, 2 1&f

S liag znterior quadratus lu (QL) block.
wH

Supraorbdialis nerve, ansomy of, in supetfiaal cervcal
plexus black, 3761

Supraperiosteal injeclion, 92-94
postenos superios alveolar nerve, 93
suprapenovical procedure, 92, 930
Supraperioaical progedure, 92, 930
Suprascapular artery, 417
anatamy of, in suprascapalar block. 650
Suprascapislar block, 37, 411 67-72
anterior gpproach, 67-68
indications for, &7
patien and ultrsound machime, position of, 77
postcrior approach, 68-63, 70
sanoanasoany for, 67-69, 630
suprascapular block posterior approach, 68-6%, 74
technique for, 67
ultrasound, 708
Suprascapulas nerve, 35, 391 411, 47, 51, 63
anatonyy of, in suprascapular block, 67, 681
Suprascapular nerve black, 811
Supraspinstu missche, anatomy of, in suprascapular bisck,
il

Supraspinous ligament, anatomy of
im epuddural block, 3420
in pediatric caudal block, 361
Ir spinal block, 330, 3360
Suprazygomatic masillary rerve blocks, 373-378, 3771
Sural nerve
snatomy of, in ankle block, 2030-2041, 206, 2070
needle pumctare al. for ankbe block. 201
in popliveal 2nd saphenous block, 1721, 1741
Sympathctss chaim, anatomy of, in stellate ganglion
block, 223, 2241
Sympathelic nerve fibers, 366
Syringes. 19
Syninge technique, for corcbrospinal flukd aspiration,
334, 337
Systemic bobeity, of local anestheties, in pediatrics,
I4-16
clenical pictisre of, 15
predisposing factors in. 14-15%
prﬂ'-rminru'mdutin,g, sishk od, 56, 18

T
T1 inbercostal merve, 421
TAF blok Sec Transversus shdomunis planc (TAP)
block
Tayor (lumnbosecrl ) approach, o spanald block, 134, 138(
Tendocalcangis, anatamy of, in anklc block, 2040
Tensor fascia lata musche, in lateral femoral cutancous
nerve, 1631
Teren mapor muscle, anatomy of, in suprascapular
ok, 687
Teres minor muscle, anatomy of, i suprascapular
Block. &8I
Terminal nerves, 41-44, 447
Tetracaine, 50,6, 15-14
lidocaine, 13
it 1.P|rul block, 329
Thigh
anterior compartment of, | 19§
medial compartment of, 120F
Thoraic epidural block
anatomy af, H3F
peedle punciure for, Ha-346, 3460- 1490
Thorscic newraxial block, 324, 3250-327(
Thoracic spirad perve, anatomy of, in subcostal
Eramsversas abdomiinal Phl'lt block
T, 3oaT
TH, 30mi
Ti2, el
Thorack: vertcbra, 2520
anstomy of, 3430
‘Thotacoabdominal merves, 208, 3050
Thoacodorsal nerve, 434
Thisacclumbar fascia. 2577
deep, anatomy of, in quadratus amborum block, 1140
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Thorscobunabar imeriaacial plane (TLIP) block, 289
Thorzcolumbar paraspanal interfascial plane (TLIP)
blmck, 205 2oR
anatomy, 295, 2602970
comphcations, 197
indications, 296
sonaanatomy, 295-1%6, J7
techmigque, 295 26
Thoracolumbar spinal nerves, anatomy of, 303, 3040
Three-dimencionsl (2 ultravand technology, 29
Three-in-one Wock, 137, 1280
Theamboembaoli discase, 385- 186
Thyeoud cartilage, anatomy of, 2360
Thyeoid gland, anatemy o im aellae ganglion black.
234, 3000
Tibsia, snatemy of, in saphenous block, 1730
Tibstal coblateral ligament, anatomy of, in saphenoos
block. 175
Tibialis anterior iedon, anastomy of, 1n ankle block.
]|
Tibsial necrve, sty of

i ankl ke 200, WML 206(

in popliteal sl caphenoas blodk, 170, 1721,
1741=175

in sciatic block. |64, 14

Timwe gaen consponsation (TG 23
Tetal ke arthroplaay (TEA) surgery, multiple
reglonal st hesia techasgues for, 195
Temsraguet nilation pressare, for intravenous regional
block, 107
Trachca, anstomy of, i stellate ganghon block, 224,
2240
Transdernial pratch, 1314
Transducer, 47
Transharyngeal block, anatomy o, in arway bloeck,
230, 2380
Tranwrersahs fascia, anatomy of, in quadraies
lumboram block, 3141
Transverse abdominis muwscle, anatony of, in subgostal
transversas ahdomenal plane block, 3091 3111
Tramsverse cervical anery, 53
Transeerse cervical perve, anstomy of
i eervical plexus black, 215, 2160
in superficial corvical plesas block, 3764
Transverse interlananar view, fof lumbar peuraxial
block; 323
Transverse oblique scanning teclnugue, fos lumbar
|s'|.¢::u'|.l1b|n:k. I¥0a i8], 1AE=1320
Tramwverse process, 295
anatomy of
in epudural block, 3471
in lumbar plexus block, 124W-1320
in paravertebral block, 2780
Transverse spinous proos view, for lumbar neuraxial
block, 323

Index

Transversis shdominis mascle, anatomy of
in guadrabus fomboowen block, 3140
i transversus abdominis plame block, 307
Transversms abdominis plane (TAP) block, 254, 259, 299
anyiomy lor, 307, 08
classic approach of . 107 - 308
wnelscations for, 307 - 308
techaigque for, M7
Tramsversias choracs muscles, 2560
Trapezias mascle, anatomy of
mn ereclor spinac plane blodk, 282, 2820~ 183
wn infraclavicular block 750
u;wprn:qu.nl;r Bock, 69
1'r-.1.-|.g_u|:r wneerval, 457
Tridend sigm, 12%
Trigeminal ncrve, anatomy of, 229, 2300
wn airway block, 229, 2320-233¢
i uppet ainway blogk, 229, 2340
Trunca block, anatomy for, 24%= 260
Trumks, 33
’l'mlm'lmg;..'lnbl- 557
Tunhy needles
eprdural analgesiafancshesia, 347
for fumbar cpulural black, 142
for spanal black, 333-34
Towave amphilude. 15

u
Winar perve, 42, 420, 446450 S4f
anatomy of, 35, 400
i aillary bock, 83-84, Eal-850
in brachial plexus block, 851, 380
in ialrsctavecular block, 760
of distal upper extremiiy block, L103-102, 101(- 02F
Uirasenagraphy
for amiliary bhock, R5-87
for femoral Block, 145, 1511
for infracliviculas block, T8-82, 78§
for newraxead block, 321, 323
fior sciatic ok, | 19= 143, 143
Ultrasonography gaided nerve block, 25-29, 160=27(
Ultrascund, 20-29. Ser el Ultrasonography
fosr 31l pewraxial procedares, 323
catheter tp bocation, 366
for cricothyroid membrane, 245, M6f
gencrabion, 21-23
wavelength amd frequensy, 21, 23
Ultrasonography-guided greater occrpital merve block,
320-220, 2200-2220
Ulrrssound-guided regional anesthesia
artificual imtelligence, 29
fou-dimenssonal (D) ultrasound echnology, 19
microultrasound, 29
needle tip tracker, 19
iheee dimensional {310) wlirziound techiology, 19

Ulmivepsal p!mi:n:nl. elemsents ol 3

Upper airway bllock. 229, 244§

Upper catremity blnck, Sec alio Hrachial plesus bllock
anatomy for. See Brachial plexus; anatomy of
imtravenous regianal, 107 See alro Infravenous

regional block

LUpper extremity block anacomy, 3146, Y6f- 371
cards, 3%-40, 426
divissony, 37-38
rools, 35, W80
supraclavicular block, 38
siprascapulae blagk, 37, 410
peprmndmal merves, 40=44, 440
trunks, 3%

Upper imb
culaneous inneevation of, 650
EIEnE EvaEm i, S
myotome innervation of, S4f
scberobome innervation of, 550
wipcrior view of shoulder, 431

Urcroplacontal perfusion, 388

‘l
Vagus nerve, anatomy of, 219, 230{
in airway block, 229-230, 20 2366
n wiperior laryngeal block, 229-210, 236(-2571
in translaryngeal block, 230, 2380
wan Ling Blisck, of oebiculans oculi muschke, X11-214,
Rk
Vasocomslrsions, =8, &
for ypinal block, 129
Vastus intermedius muscle, anasony of, in adductor
canal block, 1811
Vastun medialis muscle, anatonry of
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