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Preface

Welcome to Advances in Regional Anesthesia — Future Directions in the Use of Regional
Anesthesia, a comprehensive exploration of the evolving landscape of regional anes-
thesia. This book provides a cutting-edge perspective on the latest developments,
techniques, and research that shape the practice of regional anesthesia today.

Over the years, regional anesthesia has undergone a remarkable transformation,
emerging as an integral component of modern perioperative care. As the demand for
effective pain management continues to rise, regional anesthesia has proven to be

a powerful tool in enhancing patient outcomes, reducing opioid consumption, and
improving the overall perioperative experience.

In this volume, we have assembled a distinguished group of experts, clinicians,

and researchers who share their insights, experiences, and innovations in the realm
of regional anesthesia. The content spans a wide spectrum, from fundamental
principles to advanced applications, offering a balanced blend of theory and practi-
cal guidance. Readers will find discussions on nerve blocks, catheter techniques,
pharmacological advancements, and the integration of technology into regional
anesthesia practice.

This book caters to a diverse audience, including anesthesiologists, pain specialists,
surgeons, residents, and students interested in the expanding domain of regional
anesthesia. Each chapter is crafted to deliver valuable information, foster critical
thinking, and inspire further exploration into the ever-evolving field.

The journey through Advances in Regional Anesthesia — Future Directions in the Use of
Regional Anesthesia takes us beyond traditional boundaries, encouraging practitioners
to embrace innovation, evidence-based practice, and collaborative approaches. As
we navigate the intricate terrain of regional anesthesia, we are reminded of its pivotal
role in achieving optimal patient care and satisfaction.

We extend our sincere gratitude to the contributors who have generously shared
their expertise, contributing to the richness and depth of this book. We hope that
readers will find this compilation both informative and inspiring, motivating them to
embrace and apply the advances presented within these pages.

May this book serve as a valuable resource, fostering a deeper understanding
of regional anesthesia and its pivotal role in shaping the future of perioperative
medicine.



XIvV

Eugenio Daniel Martinez Hurtado
Anesthesiology and Resuscitation Service
of Hospital Universitario Infanta Leonor,
Madrid, Espafia

Nekari de Luis Cabezdén

Anesthesiology and Resuscitation Service
of Hospital Universitario Basurto,

Bilbao, Espaiia

Miguel Angel Ferndndez Vaquero
Anesthesiology and Resuscitation Service
of Hospital Clinica Universidad de Navarra,
Madrid, Espafia



Chapter1

Advances in Regional Obstetric
Anesthesia

Francisco Fritsch Machry Krum and Tiango Aguiar Ribeiro

Abstract

Advances in obstetric regional anesthesia, particularly ultrasound-guided
techniques, have significantly improved pain relief and safety during childbirth. This
chapter explores the latest developments in ultrasound-assisted central neuraxial
anesthesia and fascial blocks for post-cesarean analgesia. The use of ultrasound
guidance in neuraxial procedures has been extensively studied, demonstrating
improved success rates, reduced complications, and increased patient satisfaction.

It enhances the accuracy of identifying lumbar intervertebral spaces and facilitates
needle insertion, resulting in higher first-pass success rates. Additionally, ultrasound-
guided fascial blocks, such as the transversus abdominis plane (TAP) block and
Quadratus Lomborum Block (QLB), provide effective analgesia after cesarean section
when intrathecal morphine is not feasible. This chapter summarizes the step-by-step
technique for ultrasound-guided neuraxial block and fascial blocks, emphasizing the
importance of incorporating ultrasound guidance into obstetric anesthesia practice
based on the growing body of evidence supporting its benefits.

Keywords: obstetric regional anesthesia, ultrasound-guided, neuraxial block,
transversus abdominis block, quadratus lumborum block, post-cesarean analgesia

1. Introduction

Obstetric regional anesthesia has advanced significantly, providing effective pain
relief and ensuring the safety of parturients during childbirth. Techniques such as
spinal anesthesia and epidural analgesia have revolutionized childbirth care, offering
comfort and safety for both mother and baby. With millions of women undergo-
ing childbirth each year, high-quality anesthesia care is crucial for promoting safe
deliveries. Technological widespread, including advanced ultrasound techniques,
have enhanced precision, safety, and efficacy [1-3]. This chapter explores the latest
advancements in ultrasound-assisted central neuraxial anesthesia and fascial blocks
for post-cesarean analgesia.
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2. Ultrasound-guided neuraxial block

The application of spinal ultrasound for lumbar puncture and neuraxial anesthe-
sia can be attributed to early pioneers such as Bogin, Stulin, Porter, and Cork, who
recognized the potential of this technology in locating relevant landmarks [4-6].
Building upon this foundation, subsequent advancements were made by Grau and
colleagues, further refining the clinical application of spinal ultrasound and con-
tributing to our current understanding of spinal sonoanatomy [7-9]. Despite notable
technical improvements in epidural and spinal procedures, complications such as
accidental dural puncture continue to pose concerns. Incorporating ultrasound tech-
nology into these procedures holds promise for enhancing safety, improving success
rates, and minimizing complications.

In recent years, several systematic reviews and meta-analyses have contributed
to the growing body of evidence supporting the use of neuraxial ultrasound. Such
reviews demonstrated the superior accuracy of neuraxial ultrasound in identify-
ing lumbar intervertebral spaces compared to landmark palpation alone [10]. Their
findings also revealed a strong correlation between ultrasound-measured depth and
needle insertion depth, highlighting the precision offered by ultrasound guidance.

Furthermore, it was conducted a review of 32 randomized controlled trials involv-
ing 3439 patients in general population. The findings demonstrated that pre-proce-
dural ultrasound not only reduced the failure rate and the need for needle redirections
but also increased the first-attempt success rate. Importantly, these improvements
were achieved without prolonging the overall procedure time [11].

Similarly, two reviews focusing specifically on the obstetric population, also
highlighted the benefits of ultrasound guidance. They found that ultrasound guid-
ance significantly improved the first-pass success rate, with risk ratios of 1.46 (95%
CI: 1.16-1.82) and 1.49 (95% CI: 1.21-1.84), respectively [12, 13].

When analyzing the prediction of preprocedural difficulty subgroups, both stud-
ies mentioned above also agreed that ultrasound assistance facilitated the first-pass
success rate, with risk ratios of 1.56 (95% CI: 1.21-2.01) and 1.40 (95% CI: 1.12-1.75),
respectively. Importantly, the use of ultrasound did not increase the total time
taken to perform the procedure, with risk ratios of 50.12 (95% CI: —13.69-113.94)
and —0.18 (95% CI: —0.86-0.49), respectively [12, 13].

All these studies consistently found a protective association between the use of
ultrasound and complications related to the procedure, such as failure of anesthesia,
vascular puncture, back pain, and headache. Moreover, one of these studies particu-
larly investigated the differences between the experience of the sonographer and the
operator of the procedure. The study found no significant difference between the two
groups, especially after considering publication biases [12].

Despite previous descriptions, real-time ultrasound-assisted neuraxial block
remains at the forefront of new research studies. Currently, it has been found to be
challenging for a single operator to perform and time-consuming compared to the
pre-scan technique [14-17]. Furthermore, in anticipation of future advancements in
standard care, color Doppler patterns was studied to visualize flow in the epidural
space among patients with well-functioning epidural catheters. This pilot study pro-
poses further investigations to identify Doppler patterns in non-functioning catheters
to predict the efficacy of this method [18].

These findings collectively emphasize the increasing pool of evidence that sup-
ports the use of pre-procedural ultrasound in neuraxial procedures. Aligned with
the 2008 recommendation by the National Institute for Health and Care Excellence
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(NICE) endorsing the use of ultrasound-guided catheterization of the epidural space,
the authors of these studies have unequivocally recommended the incorporation of
preprocedural ultrasound in neuraxial procedures [19].

2.1 Technique

The authors summarized the following step-by-step description based on pub-
lished material from Karmakar, Chin and Carvalho [15, 20]. It should be noted that
although being an experienced ultrasound operator does not significantly impact
overall success rates, some knowledge of palpation techniques, sonoanatomy, and
proficiency with other ultrasound-guided procedures prior to performing neuraxial
blocks is expected, considering the delicacy and sensitivity of the region.

Step 1: Begin by communicating the procedure to the patient, ensuring that they
understand and provide an opportunity for consent, if applicable. Prepare the ultra-
sound device by attaching a low frequency curvilinear transducer and adjusting the
depth settings to 7 to 10 cm. Organize the necessary devices in a proper arrangement
for optimal ergonomics. Perform a thorough equipment safety check, ensuring that
all instruments and drugs are appropriately diluted and ready for use.

Step 2: Assisted by another healthcare professional, position the patient in a seated
position for the neuraxial procedure, ensuring that the spine is flexed optimally. Put
on sterile gloves and thoroughly prepare the skin using an appropriate antiseptic
solution. Place a sterile drape over the area and cover the ultrasound transducer with a
sterile cap. Apply a generous amount of gel to the transducer to enhance the coupling
of ultrasound waves.

Step 3: Palpate the spinous processes to locate the desired area. Instruct the patient
to remain as still as possible during the examination and neuraxial anesthesia proce-
dure. We recommend repeating the ultrasound scan and skin markings if the patent
moved for any reason.

Step 4: Start your scan 4 to 5 cm lateral to the midline with the transducer longi-
tudinally and, by convention, left side of the screen is cephalad. This will obtain the
parasagittal transverse process view where these structures will appear as the “trident
sign” pattern. Move transducer medially, 1 to 2 cm lateral to midline to obtain para-
sagittal articular process view which are seen in a “camel hump” pattern (Figure 1).

(Once you have developed proficiency in the sonoanatomy of the region, you can
initiate the scan from this point)

Step 5: Gradually move the transducer towards the midline while adjusting the
angle of the ultrasound beam by 5 to 10 degrees medially. This will allow you to obtain
the parasagittal oblique interlaminar view, as shown in the figure, which displays a
distinct “sawtooth” pattern (Figure 2). This view provides visualization of the inter-
laminar spaces as soft gaps. Slide the transducer up and down to identify the optimal
interlaminar space for the neuraxial procedure. Once you have identified the optimal
view, use a marker to indicate the interlaminar spaces by marking the midpoint of
the long edge of the transducer. At this point, use the ultrasound caliper to measure
the distance between the skin and the posterior complex. Remember to release the
pressure on the transducer when measuring.

Step 6: Rotate the transducer horizontally and medially by 90 degrees to obtain the
transverse approach to the spinous process, allowing you to determine the midline.
Slide the transducer up or down until you reach the desired interspace. Angling the
ultrasound beam by 5 to 10 degrees cephalad will reveal the “bat sign,” as shown in the
Figure 3. The “bat sign” is an important reference for spinal ultrasound as it depicts
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Figure 1.
On the left: Probe positioning. On the right: Camel hump pattern.
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Sawtooth pattern.

the major anatomical landmarks and targets for neuraxial anesthesia. These include
the posterior complex (top of bat’s head), anterior complex (bottom of the bat),
and the transverse processes (wings of the bat). Select the interspace that provides
the clearest view of the “bat sign” to ensure optimal visualization of the posterior
and anterior complexes. Align the midpoint of the transducer’s long edge with the
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Figure 3.
Bat sign.

patient’s midline and use a marker to trace a line that intersects with the horizontal
line from the parasagittal view. The crossing of these two lines indicates the site for
needle insertion.

Step 7: Use the caliper tool on the ultrasound device to measure the depth of
needle insertion from the skin to the posterior complex. Take note of the angle of the
ultrasound beam and visually memorize it so that you can replicate this angle during
needle insertion.

Step 8: Proceed with the neuraxial procedure following standard practices, using
the marked reference points to guide needle insertion and angle. Keep in mind that
ultrasound measurements typically underestimate depth by up to 10 mm, with a
median underestimation of 3 mm.

3. Ultrasound guided fascial blocks

Cesarean sections often result in moderate-to-severe pain, which can impede
recovery, mother-child bonding, and breastfeeding. Multimodal analgesia is crucial
for effective postoperative pain management and faster recovery [21]. Intraoperative
interventions such as long-acting intrathecal opioids is well known to enhance
analgesia after cesarean delivery. But, when such strategy is not feasible, more
commonly when spinal anesthesia is contradicted, local analgesia infiltration and
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abdominal nerve blocks have been found to improve postoperative pain relief [22, 23].
Recommendations by the PROSPECT Working Group [22] and by Enhanced Recovery
After Surgery (ERAS) 2019 guideline [23] have guided pain management for cesarean
sections with efforts to reduce opioid use and implement enhanced recovery protocols
in recent years.

Intrathecal morphine has consistently demonstrated its superiority over fascial
blocks for postoperative pain management after cesarean section in various settings,
as supported by multiple randomized trials and meta-analyses. High doses of intra-
thecal morphine have been shown to provide longer-lasting analgesia, albeit with a
potential increase in side effects [24-26]. However, in cases where the use of intrathe-
cal morphine is not feasible for cesarean delivery, two fascial blocks can be considered
for multimodal analgesia and opioid sparing strategy. These include the Transversus
Abdominal Plane Block and Quadratus Lumborum Block. These fascial blocks
must be performed bilaterally to cover the cesarean incision and provide adequate
analgesia.

There is a limited number of studies directly comparing these techniques with
each other. In a 2021 systematic review, despite the low quality evidence, it was
found that both TAP Block and QL Block were efficient in reducing pain scores when
compared to control groups. Nevertheless, no significant difference was observed
between the two techniques in terms of their analgesic efficacy [27]. Further high-
quality studies are needed to provide more conclusive evidence on the comparative
effectiveness of these fascial blocks for postoperative pain management after cesarean
section.

This chapter section will approach each Fascial Block with its rationale and tech-
nique. The choice of the technique to use is up to the provider.

3.1 Ultrasound guided transversus abdominal plane block (TAP)

The transversus abdominis plane is a fascial plane located superficially to the
transversus abdominis muscle, which is the innermost muscular layer of the antero-
lateral abdominal wall. The TAP block involves anesthesia of the upper and lower TAP
plexuses, formed by the communication of intercostal, subcostal, and L1 segmental
nerves.

Since 2021, a group of experts in Regional Anesthesia has worked towards stan-
dardizing the terminology for abdominal fascial blocks [28]. One important change
is that what was previously known as the Posterior TAP block is now referred to as the
Lateral Quadratus Lumborum Block. This standardization requires us to consider the
benefits of this approach on the following section of this chapter [29].

As a result of this standardization, Ultrasound-assisted TAP block can be per-
formed using three different approaches: subcostal, transverse abdominal plane, and
midaxillary approaches [28]. While each approach has its own specific technique,
they all share a common goal of distributing large volumes of local anesthetics within
the transverse abdominal plane.

The subcostal approach is believed to provide analgesia for the T6-T9 nerves, while
the transverse abdominal plane targets analgesia for the T10-T12 nerves. The midaxil-
lary approach aims to provide analgesia for the lower abdomen, including the L1
nerve. Given our focus on post-cesarean delivery analgesia, we will only describe the
midaxillary TAP Block approach.
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3.1.1 Technique

Step 1: Begin by communicating the procedure to the patient, ensuring that they
understand and provide an opportunity for consent, if applicable. Prepare the ultra-
sound device by attaching either a linear or curvilinear transducer and adjusting the
depth settings accordingly. Organize the necessary devices in a proper arrangement
for optimal ergonomics. Perform a thorough equipment safety check, ensuring that
all instruments and drugs are appropriately diluted and ready for use.

TAP blocks are better achieved with high volumes of local anesthetics, with the
minimum accepted volume being 15 ml for each side. Select the dosage to achieve the
maximum safe dose for the patients size.

Step 2: TAP Block may be performed by only one provider with the patient on the
supine position. Put on sterile gloves and thoroughly prepare the skin using an appro-
priate antiseptic solution. Place a sterile drape over the area and cover the ultrasound
transducer with a sterile cap. Apply a generous amount of gel to the transducer to
enhance the coupling of ultrasound waves.

Step 3: Place the transducer transversely on the mid-axillary line of the abdo-
men and scan the region up and down between the costal margin and the iliac crest.
Typically, three muscle layers can be seen: the external and internal obliques, as well
as the transverse abdominis muscles (Figure 4).

Step 4: Insert the needle in-plane, adjacent to the midaxillary line, and advance it
internally and posteriorly. As you advance the needle, you may feel two distinct pops
as the needle point passes through the fascia. Once the tip is placed above the TAP,
inject the previously selected dosage of local anesthetics, observing the real-time
volume spread into the desired space.

Step 5: Repeat the process on the other side.

3.2 Ultrasound guided quadratus Lumborum block

The quadratus lumborum (QL) is a muscle of the posterior abdominal wall
dorsolateral to the psoas major muscle. Originating from the iliac crest and iliolumbar

Internal Oblique

"_“-'u“‘

_—
Transversus Abdominus

Figure 4.
On the left: Probe positioning. On the right: Sonoanatomy of the region.
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ligament, the QL muscle assists in lateral flexion of the lumbar spine. The QL block
has gained popularity in different abdominal surgeries as a tool for multimodal
analgesia because of its theoretical efficiency over visceral pain [30].

In a 2020 meta-analysis, which reviewed 12 studies involving 904 patients under-
going cesarean delivery, quadratus lumborum block (QLB) was found to significantly
reduce opioid (intravenous morphine) consumption during the first 24 hours by
14.1 mg (95% CI 20.8 to 7.5 mg) and 48 hours by 20.8 mg (95% CI 33.1 to 8.5 mg)
compared to placebo or no block. Additionally, QLB demonstrated a significant
reduction in 12-hour pain scores at rest and during movement [30].

Similarly, QLB reduced opioid consumption compared to controls and provided
better pain control at 6 and 12 hours postoperatively. While no significant differences
in pain scores were noted at 24 hours, QLB was effective in reducing dynamic pain at
6 hours and both static pain and opioid consumption at 6 and 12 hours [31].

The terminology for QL Blocks, similar to TAP Blocks, has been standardized by
a group of experts in Regional Anesthesia [28]. This standardization has led to the
recognition of three possible approaches for achieving adequate analgesia: Anterior
Quadratus Lumborum Block, Lateral Quadratus Lumborum Block, and Posterior
Quadratus Lumborum Block [32, 33]. However, clinical studies directly comparing
these three methods are lacking, and only cadaveric studies have suggested variations
in the spread of local anesthetics with each approach [33].

Given that the Posterior Quadratus Lumborum Block is the most extensively
studied approach for providing analgesia after cesarean delivery [34, 35], we will now
review its step-by-step technique.

3.2.1 Technique

Step 1: Begin by communicating the procedure to the patient, ensuring that
they understand and provide an opportunity for consent, if applicable. Prepare the
ultrasound device by attaching preferably low frequency curvilinear transducer
and adjusting the depth settings accordingly. Organize the necessary devices in a
proper arrangement for optimal ergonomics. Perform a thorough equipment safety
check, ensuring that all instruments and drugs are appropriately diluted and ready
for use.

Local anesthetic dosage in the range of 0.2 to 0.4 ml/kg of 0.2 to 0.5% ropivacaine
or 0.1 to 0.25% bupivacaine per side is recommended. The operator will need to adjust
dosage to ensure toxic thresholds are not exceeded, particularly when bilateral blocks
are performed.

Step 2: QL Block may be performed by only one provider with the patient on
lateral decubitus or supine with a lateral tilt. Put on sterile gloves and thoroughly
prepare the skin using an appropriate antiseptic solution. Place a sterile drape over the
area and cover the ultrasound transducer with a sterile cap. Apply a generous amount
of gel to the transducer to enhance the coupling of ultrasound waves.

Step 3: Place the transducer transversely on the posterior axillary line of the abdo-
men at the L4 level. Visualize the “shamrock sign” where the transverse process serves
as the stem, and the psoas, quadratus lumborum, and erector spinae muscles form
the leaves. Utilize color Doppler to ensure safe needle trajectory, avoiding any large
vessels along the way (Figure 5).

Step 4: Insert the needle in-plane and advance it internally and posteriorly.
Position the needle tip posterior to the QL muscle within the fascia adjacent to the
erector spinae muscle. To confirm proper needle tip placement, inject 2 ml of saline
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On the left: Probe positioning. On the right sonoanatomy of the region.

before administering the total dose. Monitor the spread of local anesthetic as you
inject slowly.
Step 5: Repeat the process on the other side.

4, Conclusion

Anesthesia care, over the past two decades, has integrated the use of ultrasound-
guided procedures. The combination of professional expertise with the use of
ultrasound guidance, can further elevate the level of care and ensure the well-being
of their patients. As we look to the future, the continuous evolution of ultrasound
technology and its increasing availability hold the promise of even greater advance-
ments in safety, comfort, and positive outcomes for patients globally.
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Airway Management
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Abstract

Point-of-care ultrasound (PoCUS) has emerged as a valuable tool in regional anes-
thesia and airway management. The chapter begins with an overview of PoCUS and
its relevance to anesthetic practice, highlighting its advantages and limitations, and
emphasizing the potential benefits of PoCUS in improving the accuracy and safety of
regional anesthesia procedures, leading to enhanced patient outcomes. Furthermore,
the chapter explores the utility of PoCUS in airway management, including the
assessment of the upper airway, identification of anatomical locations, and real-time
visualization of needle placement during airway blocks. Additionally, the chapter
addresses the practical aspects of incorporating PoCUS into the daily practice of
anesthesiologists, including the necessary equipment, technique considerations, and
training requirements. It emphasizes the importance of proper education and ongoing
proficiency in PoCUS to optimize its clinical utility and ensure accurate interpretation
of images, optimizing patient care. Overall, this book chapter provides a comprehen-
sive overview of the integration of PoCUS with regional anesthesia techniques and
airway management, serving as a valuable resource for anesthesiologists, trainees,
and allied healthcare professionals interested in enhancing their knowledge and skills.

Keywords: point-of-care ultrasound, PoCUS, regional anesthesia, airway management,
healthcare, learning, patient care

1. Introduction

Up to 30% of adverse effects solely attributed to the anesthesia procedure are
related to the airway pathway. The majority of these are due to the inability of
orotracheal intubation (or errors in it) or difficulty in ventilation. The consequences
are catastrophic, and although the more widespread use of capnography and pulse
oximetry has reduced these adverse effects, patients can still experience irreversible
brain damage or death in up to 85% of cases [1-4].

Therefore, proper management of the airway constitutes one of the fundamental
pillars of medical care in certain specialties (anesthesiology, intensive care, emer-
gency medicine, or pulmonology). However, an inadequate approach still represents
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one of the leading causes of morbidity and mortality among patients, as well as
demands in these specialty fields.

In order to approach an airway and to anticipate and manage both foreseeable
and unexpected difficulties, different strategies need to be developed, starting with
patient assessment, including medical history and specific physical examination.

When predictors suggest a difficult airway (DA) (either due to previous surgeries
or highly indicative DA prediction tests), prioritizing oxygenation and ventilation
while causing minimal damage to the airway pathway is crucial. In cases where DA
is anticipated, the safest and standard technique is considered to be vigil intubation
[5]. However, this approach to the airway pathway induces greater physical and
psychological stress for the operator, which can lead to suboptimal execution of the
technique, a higher number of complications, and even procedure failure. Moreover,
certain patient characteristics such as obesity, prior cervical radiotherapy, presence of
masses, and cervical scars or abscesses can hinder its proper execution.

With the patient awake, any airway device can be used, as long as proper prepara-
tion with local anesthesia and sedation is performed. Regional anesthesia (RA) of the
airway pathway provides adequate anesthesia of all its structures, allowing intubation
to be performed without sedation or with minimal doses, with very good tolerance and
patient cooperation with spontaneous ventilation and preserved reflexes. Similarly, it can
be useful in patients where we want to reduce the autonomic response to endotracheal
intubation and minimize the doses of drugs used in anesthesia induction [6].

2. Basic aspects

For awake intubation, there is no single method to approach the procedure.
Different strategies of premedication, sedation, and topicalization can be employed
to maintain a level of patient consciousness that ensures proper airway and spontane-
ous ventilation, with adequate anxiolysis to tolerate the procedure [7].

All physicians responsible for managing an advanced airway device (DA) should
be trained in performing awake intubation. Whether through nasal or oral route,
tracheostomy, or cricothyrotomy, awake intubation allows for maintaining airway
patency, gas exchange, and protection against aspiration of gastric contents or blood.

The most common technique is performing awake intubation using a fiberoptic
bronchoscope (FOB) or videoendoscope, but it can also be done with other devices
such as videolaryngoscopes (VDL), optical stylets, lighted stylets, or supraglottic
devices, which are used to pass the FOB through them [8-14].

The preferred technique for intubation in these cases remains the use of FOB,
although there are increasing studies suggesting videolaryngoscopy as an alterna-
tive, with the patient awake or, if not feasible, in spontaneous ventilation (in case
the patient refuses the awake procedure) [15]. Supporting the procedure with an
inhalation induction technique and topical anesthesia of the airway can enhance its
effectiveness [16].

3. Anatomy

The upper airway is divided into four zones encompassing a total of five nerves,
which provide sensory innervation to the airway (Figures 1 and 2, Table1):
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Figure 1.
The upper airway sensory innervation division, by Fernandez-Vaquero [17].

'r Ethmoidal Anterior Nerve

-

Sphenopalatine Nerve

Figure 2.
Nasal innervation, by Fernandez-Vaquero [17].

A. Nasal zone, innervated by the trigeminal nerve (anterior ethmoidal and maxil-
lary/sphenopalatine branches).

B. Oral zone, innervated by the glossopharyngeal nerve.
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Zone Nerve Branches and areas

Nasopharynx Branches of the Trigeminal * Ophthalmic branch: anterior ethmoidal nerve.

nerve (V cranial nerve) * Nasal cavity: anterior 1/3 of nostrils.

* Maxillary branch: nasal cavity: nasal turbinates and
posterior 2/3 of nasal septum.

Oropharynx Glossopharyngeal nerve ® Posterior 1/3 of tongue, anterior surface of epiglottis and
(IX cranial nerve) vallecula (lingual branch), tonsils (tonsillar branch),
pharyngeal walls, and tonsillar pillars (pharyngeal
branch).

¢ Nausea reflex.

Larynx Vagus nerve (X cranial * Superior laryngeal nerve: base of tongue, posterior area
nerve) of epiglottis, aryepiglottic folds, and arytenoids.

* Recurrent laryngeal nerve: vocal cords and infraglottic

region.
Trachea Vagus nerve (X cranial * Recurrent laryngeal nerve: Abduction of vocal cords.
nerve) Sensation in the infraglottic larynx and trachea.

Table1.
Innervation of different vegions of the airway. Nerve branches and aveas.

C. Laryngeal zone, innervated by the vagus nerve through its superior laryngeal

and recurrent branches.

D. Tracheal zone, innervated by the vagus nerve through the recurrent laryngeal

branches.

3.1 Nasal innervation

16

It is primarily provided by two branches:

* Anterior ethmoidal nerve. Located in the orbital cavity, is the sensory branch

of the nasociliary nerve and, also, a branch of the ophthalmic nerve (one of the
branches of the trigeminal [V PC]). It enters the nasal cavity through the ante-
rior ethmoidal foramen. It innervates the anterior region and the nasal septum. It
is not directly accessible for blocking (Figure 2).

* Maxillary and sphenopalatine nerves. Located in the pterygopalatine fossa (pos-

terior to the middle turbinate), these nerves form a triangular-shaped parasym-
pathetic ganglion. It is composed of sensory branches from the maxillary nerve
(abranch of the trigeminal nerve), sympathetic fibers from the carotid plexus
(after reaching the ganglion through the vidian nerve, a branch of the greater
petrosal nerve), and parasympathetic fibers from the communicating branches
of the glossopharyngeal nerve. From it emerge the greater and lesser palatine
nerves, which supply sensory innervation to the nasal cavity (nasal passages and
posterior two-thirds of the nasal septum), the roof of the mouth, the soft palate,
and the tonsils. Other important branches of the maxillary nerve that innervate
the nasal cavity are the posterosuperior lateral and inferoposterior branches
(Figure 2).



PoCUS and Regional Anesthesia for Airway Management
DOI: http://dx.doi.org/10.5772/intechopen.1003842

3.2 Innervation of the oropharyngeal zone is determined by the glossopharyngeal
nerve

* Glossopharyngeal nerve. A mixed nerve supplies sensory innervation to the
posterior third of the tongue (gag reflex and the sense of taste), pharyngeal walls
(pharyngeal branch), tonsils (tonsillar branch), and the anterior surface of the
epiglottis (lingual branch) (Table1).

3.3 Innervation of the laryngeal zone is determined by the vagus nerve through
two of its branches

* Superior laryngeal nerve (Table1). It runs parallel to the superior thyroid vessels
(branches of the external carotid artery), descends anterior to it to the greater
horn of the hyoid bone, dividing into a mainly motor external branch (which
innervates the cricothyroid and inferior pharyngeal constrictor muscle), and a
sensitive internal branch (which innervates the base of the tongue, the epiglottis
and the supraglottic mucosa of the larynx). The level of division into its terminal
branches varies greatly. Its injury causes dysphonia.

The superior laryngeal nerve provides sensory innervation (internal branch) and
motor innervation to the supraglottic portion of the larynx: cricothyroid muscle
and the inferior constrictor of the pharynx. The level at which it divides into its
internal and external terminal branches varies greatly.

* Recurrent laryngeal nerve. It supplies sensory innervation to the infraglottic
region and trachea and motor innervation by the external branch of the superior
laryngeal nerve (except to the cricothyroid muscle, which is innervated by the
external branch of the superior laryngeal nerve). It runs parallel to the inferior
thyroid artery. Its injury causes inability to abduct the vocal cords (closed vocal
cords) and secondary airway obstruction (Table1).

3.4 Innervation of the tracheal zone is determined by the vagus nerve through its
recurrent laryngeal branch

4, Practical considerations

ALR for performing awake intubation, whether orotracheal or nasotracheal, can
be carried out using the following methods:

4.1 Topicalization with local anesthetic (LA)

There are different forms of application [18]:
4.1.1 Nebulization (8-10 mL of 5% lidocaine with an oxygen flow of 8 L)

The respiratory tract can be anesthetized with lidocaine through a nebulizer.
Particles larger than 100 pm will concentrate in the oral mucosa, those between 60
and 100 pm in the trachea and main bronchi, and those between 60 and 30 pm. in

the larger bronchi. In the nebulizer, 8-10 mL of 5% lidocaine is placed, and oxygen is
released with an 8 L/min flow.
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Figure 3.
Airway nebulization, by Fernandez-Vaquero [17].

This is an easy, safe, non-invasive, and comfortable technique for the patient.
Coughing is minimal or absent. It requires 20 to 30 minutes to achieve adequate anes-
thesia. Absorption varies; therefore, high doses are sometimes used to compensate for
this limitation (Figure 3).

4.1.2 Direct application of lidocaine gel or spray

Currently, the atomizer spray (MADgic atomizer) is used, as it is the most
effective, easiest to apply, and most commonly used. With gauze or swabs. This
method is useful for applying lidocaine with vasoconstrictor in the nasal cavity.
When performing nasal intubation, it is important to prepare the nasal mucosa
with a vasoconstrictor to minimize the risk of bleeding. A rhinoscope and special
otolaryngology forceps are used to introduce the swabs soaked with the anesthetic
into the back of the nasal cavity (5% lidocaine with 0.5 mL. of oxymetazoline, 4%
lidocaine with adrenaline 1,200,000 as the vasoconstrictor or 10 mg./ml. tetracaine
with 0.1 mg./ml. epinephrine). The local anesthetic should be deposited in the
space behind the inferior turbinate along the floor of the nose to the choana. This
anesthetizes the nose and part of the oropharynx as the anesthetic falls by gravity
toward these structures.

4.1.3 “Spray as you go” (SAYGo)

It consists of applying local anesthetic through the working channel of the Fiber-
Optic Bronchoscope (FOB) to the mucosa of the airways as it is advanced.

If a small syringe is used for application, the local anesthetic may stay in the chan-
nel instead of reaching the mucous membrane of the respiratory tract. To prevent
this, 2 mL. of 5% lidocaine is loaded into a 10 mL. syringe and the remaining space is
filled with air. This creates a mixture of lidocaine and air. In this way, a greater force
is created when the plunger is pressed, and the lidocaine falls to the distal part of the
working channel almost like a jet.

The local anesthetic can also be instilled through an epidural catheter placed in
the working channel. Normally, this maneuver should be performed by an assis-
tant. It may cause coughing. If the anesthetic is introduced with less force, the risk
of coughing is reduced. When the spray falls, the FOB’s vision will become blurry.
It is necessary to administer O2 or ask the patient to take a deep breath to regain
clear vision.
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4.2 Regional nerve blocks providing sensation to the airways in their three regions

Blocks can be performed by locating anatomical structures or by using ultrasound,
with the latter technique offering greater safety by avoiding accidental puncture of
blood vessels or other structures adjacent to the airway, such as the thyroid gland.
Additionally, it allows for the identification of structures even in patients with more
complex anatomy (obese patients, previous surgeries, goiter, etc.) [19]. Ultrasound
has become an essential tool in the daily practice of every physician, especially in
anesthesiology, as it greatly enhances patient safety throughout the perioperative
period, whether by performing nerve blocks, vascular access, intraoperative ultra-
sound for hemodynamic management, or any other use that improves the quality
of care. It is a technique that offers many obvious advantages (safety, speed, repeat-
ability, portability, wide availability, and real-time dynamic imaging). It has been
demonstrated that even in expert hands, only three out of every 10 specialists are
capable of locating the cricothyroid membrane based solely on anatomical references
[6]. Tracheal structures can be identified by ultrasound, even when they are not
palpable [20, 21].

Ultrasound of the airway has a steep learning curve and is operator-dependent,
although basic structure identification can be acquired with just a few hours of
training. For this purpose, a high-frequency linear probe (5-14 MHz.) is probably the
most suitable since it deals with superficial structures (within 0-5 cm. below the skin
surface) [22].

Regional blocks, ideally guided by ultrasound, are indicated in cases where topical
anesthesia is contraindicated or not recommended, has been ineffective, or when the
depth of the nerve prevents topical blockade. They involve the injection of a local
anesthetic into the territory of a nerve to produce anesthesia in the area [19, 23-25].

Specific nerve blocks can be performed for the following nerves:

* Palatine nerve (sphenopalatine ganglion)
* Glossopharyngeal nerve

* Superior laryngeal nerve

* Inferior or recurrent laryngeal nerve

Regional/topical anesthesia of the airway provides adequate anesthesia of all its
structures and allows for intubation (orotracheal or nasotracheal) without sedation or
with minimal doses, with very good patient tolerance and cooperation, spontaneous
ventilation, and preserved reflexes. In addition to patient tolerance, it can be useful
to inhibit reflex responses provoked by intubation, such as coughing or laryngo-
spasm [26, 27], as well as sympathetic nervous system-mediated cardiovascular
responses [23, 28].

5. Applied anatomy for anesthetic management of the airway

Practically speaking, we will divide the innervation of the airway into the four pre-
viously mentioned zones: nasal, innervated by the trigeminal nerve; oral-pharyngeal,
innervated by the glossopharyngeal nerve; laryngeal, innervated by the vagus nerve
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through its superior and recurrent laryngeal branches; and tracheal, innervated by
the vagus nerve through its recurrent laryngeal branch.

5.1 Nasal zone

For this zone, topical anesthesia is commonly used due to its high efficacy and
good patient tolerance, the high risk of vascular puncture in palatine nerve blocks,
and the inaccessibility of the anterior ethmoidal nerve.

5.1.1 Topical anesthesia

By direct contact with swabs or pledgets (4 mL. of 5% lidocaine with 0.5 mL. of
0.5% oxymetazoline or 4% lidocaine with 1,200,000 adrenaline) on the posterior
space behind the inferior turbinate (identified using a rhinoscope) (Figure 4).

5.1.2 Sphenopalatine ganglion block

Blockade of the sphenopalatine ganglion, by blocking the greater and lesser pala-
tine nerves, the nasociliary nerve, and the nasopalatine nerves, inhibits the sensitivity
of the nasal cavity. Two approaches have been described: intraoral and nasal [19].

In order to visualize the blockage point of the greater palatine nerve and to per-
form the intraoral approach, the patient is placed in the supine position with a pillow
under the shoulders, with the mouth open and the chin elevated (Figure 5). With the
operator to the right of the patient, the right hand is placed at the 8 oclock position
and the left hand at 4 oclock. The greater palatine foramen is identified with the aid
of a swab, usually (in 50% of cases) 1 cm medial to the space between the second and
third molars, or slightly anterior (39%) or posterior. At that level, pressure is applied
with the swab on the palatogingival border until the depression caused by the fora-
men is felt.

anterior etmoidal nerve

sphenopalatine
ganglion

Figure 4.
Direct contact block of the sphenopalatine and anterior ethmoid nerves, by Fernandez-Vaquero [17].
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Figures.
Intraoral major palatine nerve blockage, by Fernandez-Vaquero [17].

Once the foramen is located, a fine needle (25G or 27G spinal needle bent at
approximately 120° about 2-3 cm. from the tip) is inserted 1-2 mm. anterior to the
foramen, in a superior direction with a slight posterior inclination until bone contact
is felt. Prior to aspiration in two planes (the original plane and rotating the needle
45°), 1-2 mL. of local anesthetic (2% lidocaine with 1,100,000 adrenaline) is injected
ata very slow speed (approximately 1 minute) to avoid sympathetic stimulation. In
5-15% of cases, resistance may be encountered when inserting the needle into the
canal, at which point the technique should be stopped and alternatives sought.

Complications include hemorrhage, infection, nerve injury, and intravascular
injection of local anesthetic.

This technique is contraindicated in cases of acute inflammatory or infectious
processes in the puncture area.

On the other hand, in the nasal approach to perform the nasopalatine nerve
block, the anesthetic solution is applied with swabs on the upper edge of the middle
turbinate (3 mL. of 4-5% lidocaine with 1 mL. of oxymetazoline). The swab shall be
introduced at a 45° angle to the hard palate, directed posteriorly and inferiorly until
it reaches the posterior wall of the nasopharynx. It can also be performed using a 20G
catheter in the same location.

5.2 Oropharyngeal zone

The responsible nerve for the sensory innervation of the oropharynx is the
glossopharyngeal nerve. Topical anesthesia is usually sufficient for upper airway
instrumentation, although it must be accompanied by preventive measures for nausea
and vomiting as it does not reach the receptors of the posterior third of the tongue.
Glossopharyngeal nerve blockade, however, does inhibit the gag reflex as it is able to
block the deep sensitivity of the posterior third of the tongue, so bilateral gag reflex
blockade is used to abolish it.

5.2.1 Topical anesthesia

Topical anesthesia of the glossopharyngeal nerve is performed using swabs or
cotton swabs. Swabs soaked in 5% lidocaine (mixed with 10 mL. of 5% lidocaine solu-
tion) are used. It is inserted into the channel between the teeth and the tongue until it
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reaches the palatoglossal arch. The swab is held in place for approximately 1 minute,
repeating three or four times on each side. Always check that the topicalization is
correct before inserting the device.

5.2.2 Glossopharyngeal block

Several approaches have been described using visualization and palpation of ana-
tomical landmarks or ultrasound guidance (the latter being the preferred method).
The most important risk to be taken into account is vascular puncture due to the prox-
imity of the internal carotid artery and jugular vein, which will be avoided by aspirat-
ing before injecting the anesthetic [19]. Given the proximity to the carotid artery and
jugular vein, injection of the anesthetic should be stopped in case of headache.

5.2.2.1 Glossopharyngeal block using anatomical landmarks

* Intraoral or anterior approach (palatoglossal or anterior pillar). With the patient
seated with the mouth open, the block is approached from the opposite side of
the target nerve. Once appropriate topical anesthesia (lidocaine spray) has been
administered, the tongue is pulled toward the midline using a laryngoscope blade
or tongue depressor, while directing the 22-25G needle along the floor of the
mouth down to the bottom of the pouch formed by the base of the palatoglossal
arch. Once negative aspiration is confirmed, 2-5 mL. of 2% lidocaine is injected
into the submucosa (Figure 6).

* Posterior intraoral approach (palatopharyngeal or posterior tonsillar pillar).
With the patient seated, the nerve is approached from the same side as the block-
age by puncturing the palatopharyngeal cavity approximately 0.5 cm. lateral to
the lateral edge of the tongue, where it joins the floor of the mouth, at the base
of the posterior tonsillar pillar, blocking both the sensory and motor branches.

A 22-23G needle is inserted up to 1 cm., and after aspiration, 3 mL. of 0.5-1%
lidocaine (with a test dose of 0.5 mL.) are injected slowly, following verification

Palatoglosal Arch
(Anterior Pillar)

Palatoglosal Arch
(Posterior Pillar)

Figure 6.
Blockage of the glossopharyngeal nerve at the level of the palatoglossal archs, by Fernandez-Vaquero [17].
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through aspiration. Alternatively, an anesthetic-soaked pledget can be applied to
the area to be blocked instead of puncture.

The injection is bilateral, blocking the sensory fibers (pharyngeal, lingual, and
tonsillar) and the motor branch of the stylopharyngeus muscle, with a consequent
increased risk of complications.

* Peristyloid external approach. This approach is indicated when the patient
cannot open their mouth wide enough to adequately expose the structures. The
mastoid process and the angle of the mandible shall be located by placing the
patient in the supine position with the head in a neutral position. The styloid
process (next to the glossopharyngeal nerve, which runs adjacent to the internal
carotid artery) is located by deep palpation or at the midpoint of the line drawn
from the mastoid process to the mandibular angle. At this point, a 22G needle
is inserted perpendicular to the skin until it comes into contact with the bone
(1-2 cm), then angled to inject 5-7 mL of the anesthetic solution (2% lidocaine)
after verification by aspiration. Peristyloid approach guided by ultrasound is
recommended.

5.2.2.2 Ultrasound-guided glossopharyngeal nerve block

With the patient in the supine position and the head tilted to the contralateral side of
the block, the cervical region shall be scanned with a high-frequency linear ultrasound
transducer or a hockey stick probe to locate the mastoid process, mandibular angle, and
styloid process at the midpoint, usually with the probe in an oblique transverse axis.

At this point, the vessels (carotid artery and jugular vein) are identified using Doppler
ultrasound, and the glossopharyngeal nerve is identified as a hyperechoic structure
posterior and deeper to the styloid process and anterior to the carotid artery (Figure7).

Figure 7.

Glossopharyngeal nerve block by ultrasound-guided peristylohyoid approach. The transducer is placed between
the mandibular angle and the mastoid process and angled to locate the styloid process, carotid artery, and external
jugular vein. The glossopharyngeal nerve is located posterior to the styloid process, by Fernandez-Vaquero [17].
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The puncture is performed out of the plane until contacting the styloid process,
and then the needle is redirected posteriorly to inject 3 mL of local anesthetic after
aspiration to ensure that there is no blood or cerebrospinal fluid leakage.

Proper alignment of the transducer is crucial in Doppler effect usage: ideally, it
should be positioned parallel to the blood flow (if not possible, at an angle of 0-60°).
The Doppler effect can be enhanced by increasing the ultrasound frequency, increas-
ing the flow velocity, or decreasing the transducer angle relative to the vessel or
structure to be visualized.

Conventionally, blue represents the flow moving away from the transducer (longer
wavelengths), and red represents the flow moving toward the transducer (shorter
wavelengths).

5.3 Laryngeal region
5.3.1 Topical anesthesia

The larynx is innervated by branches of the vagus nerve (superior and recurrent
laryngeal nerves). To anesthetize the supraglottic laryngeal region, topical anesthesia
shall be applied in the piriform recess. This procedure requires proper oral opening,
time, and prior preparation of the oropharynx, which is why it is infrequently used.

If this is insufficient, the blockage of the superior laryngeal nerve can be performed,
although it is less commonly used and has a higher number of complications (vascular
injection, severe vagal reactions, etc.). The vocal cords are not completely paralyzed.

5.3.2 Superior laryngeal nerve block

Bilateral blockade of the superior laryngeal nerve results in anesthesia of the
hypopharynx and upper glottis, including the vallecula and the posterior surface of
the epiglottis. The main indication for this blockage is to facilitate the management
of a difficult airway associated with local anesthetic nebulization in the oral/nasal
and transtracheal cavities. Its blockage inhibits the gag reflex and coughing provides
supraglottic anesthesia and minimizes the risk of laryngospasm by preventing the
contraction of the cricothyroid muscle. It has been used in awake fiberoptic intuba-
tion and rigid bronchoscopy procedures (Table 2) [29, 30].

Other indications include as an alternative to neuromuscular blockers in case of
contraindication (myasthenia gravis, dystrophies, etc.) and the treatment of persis-
tent headaches due to superior laryngeal nerve neuralgia [31]. Classically, it is located
by palpation. With the patient in the supine position and the head extended and tilted
laterally to the side opposite to the block, locate the greater horn of the hyoid bone or
the thyroid cartilage (upper horn or midline prominence) [19].

Topical anesthesia Nerve block
Control of secretions Atropine required Not required
Anesthetic dose 10 mg./spray lidocaine 10%. Lower dose (2mL.)
Blocking duration Lower Longer
Need for repeat doses More frequent No

Table 2.
Comparison between topical anesthesia and upper laryngeal blockade.
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A 25G needle is then inserted perpendicular to the plane of the skin to a depth
of 1-2 cm until the bone is palpated, at which point it is redirected anteroinferiorly
toward the midline to penetrate the thyrohyoid membrane at a depth of 2-3 mm.
Using the superior horn of the thyroid cartilage as a reference, in this case, after
inserting the needle and hitting the cartilage, it is angled anterosuperiorly to locate
the thyrohyoid membrane, where a loss of resistance is felt (Figure 8).

Another possibility is to palpate the thyroid notch, puncturing at a suprathyroid
level 2 cm. from the midline, and directing the needle cranially and posteriorly until
the thyroid membrane is located at a depth of 1-2 cm.

Before injecting the anesthetic (2 mL. of 2% lidocaine with 1/200,000 adrena-
line), negative aspiration should be checked (neither air, indicating excessive depth,
nor blood should appear).

The use of ultrasound is recommended for the localization of the hyoid bone and
the cricothyroid membrane (Figure 9), as the technique is safer with a lower risk of
complications, such as vascular puncture, among others [32].

Ideally, a hockey stick transducer is used, which provides higher resolution and
smaller size, allowing for more maneuverability of the needle. However, a linear or
convex probe is typically used. The in-plane approach is recommended to control the
needle tip due to the limited space available and to avoid injury to adjacent structures.

Different approaches can be considered:

* Barberet’s approach: a high-frequency linear transducer is placed in a parasagittal
axis at the submandibular level. The hyoid bone, the upper edge of the thyroid
cartilage, the muscles of the vocal cords (omohyoid, sternohyoid, and thyrohy-
oid), the artery, and the superior laryngeal nerve (between the muscles and the
thyrohyoid membrane) are identified, as well as the internal laryngeal mucosa.
The cartilage and bone are hyperechoic structures, among which the thyrohyoid

Figure 8.
Superior laryngeal nerve block guided by anatomical references, by Fernandez-Vaquero [17].
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Figure 9.
HB: Hyoid bone; THM: Thyrohyoid membrane, by Fernandez-Vaquero [17].

membrane is located. At this level, local anesthetic is bilaterally injected. This
technique has a success rate of 90% [33].

* Manikandan’s approach: the submandibular region is explored to locate the
external carotid artery and, following its branches, to visualize the superior
laryngeal nerve [25].

* Lida’s approach: the greater horn of the hyoid bone is identified without visual-
izing the superior laryngeal nerve [24].

* Transverse axis approach with a probe, in case of technical impossibility or
contraindication for the longitudinal approach or non-visualization of the nerve
(<1 mm. diameter) [34].

An attempt should be made to avoid the potential risk of broncho-aspiration: it
is necessary to observe the required fasting time, maintain an appropriate level of
consciousness, and adopt an anti-Trendelenburg position upon awakening. The dura-
tion of supraglottic anesthesia will depend on the anesthetic used. The blockage of the
superior laryngeal nerve should be complemented with topical anesthesia of the nasal
and oral cavities, as well as transtracheal nebulization. The external branch of the
superior laryngeal nerve can be injured during neck surgeries.

There are various degrees of injury, although clinically it is characterized by a
slight deterioration in voice quality. Anesthesia of the superior laryngeal nerve can
cause Wallerian degeneration with damage to the Schwann cell and axonal dystrophy,
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characterized by mild hoarseness. The use of a linear probe requires greater pressure
on the neck, resulting in pain.

5.4 Tracheal zone
5.4.1 Blockage of the recurrvent laryngeal nerve

The recurrent laryngeal nerve is a mixed nerve with intrinsically connected motor
and sensory fibers. Blocking it would cause bilateral paralysis of the vocal cords and
obstruction of the airway, so it is contraindicated.

However, it is necessary to block it to prevent coughing and allow the passage
of the tracheal tube or fibroscope through the vocal cords. For this purpose, topi-
cal anesthesia of the mucosa is advised, using the “as you go” technique or through
transtracheal or translaryngeal blockage.

5.4.2 Translaryngeal or transtracheal blockage

The patient is placed in a supine position with the neck extended (ideally with a
pillow under the shoulders), which makes the laryngeal structures more prominent.

The classic approach is blindly performed by palpating the cricoid cartilage in the
midline. The larynx is stabilized with the first and second fingers of one hand; after
identifying the upper edge of the cartilage, a subcutaneous wheal is formed with
the free hand, and a 20-22G needle is inserted perpendicularly to the skin until it
traverses the cricothyroid membrane, which is confirmed by the continuous aspira-
tion of air (bubbling). At that moment, the needle is secured to prevent puncturing
the posterior wall, and 5 mL. of 4% lidocaine are rapidly injected. The injection of
the anesthetic stimulates coughing, which nebulizes the anesthetic and blocks the
recurrent laryngeal nerve (Figure 10). After the procedure, the needle is quickly
withdrawn, and a catheter can be left in place if further doses are anticipated to
prolong the blockade.

Ultrasound-guided approach facilitates the localization of the cricothyroid
membrane between the thyroid and cricoid cartilages, as well as the control of needle
tip placement into the laryngeal lumen, ensuring proper deposition of the anesthetic
through translaryngeal blockade. Among the advantages of the ultrasound-guided
approach are the more precise localization of blood vessels (avoiding the risk of
bleeding and VA hematomas) and the possibility of confirming the correct placement
of the tracheal tube [24, 32].

Caudocranial scanning of the neck allows differentiation of the tracheal cartilage,
the cricoid cartilage, and the thyroid cartilage. The cricothyroid membrane is echo-
genic (white), although it may vary in appearance depending on the anatomy, and
is located between the caudal edge of the thyroid cartilage (hypoechogenic or gray)
and the cephalic boundary of the cricoid cartilage (hypoechogenic or gray) and the
cricothyroid muscles. Ultrasound waves do not penetrate air, therefore the posterior
wall of the larynx cannot be visualized.

Ultrasound Guided Approach Cricothyroid Membrane Localization:
* Position: patient in supine position.

* Probe: linear, depth 3-4 cm., and focus at 1 cm.
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Figure 10.
Translaryngeal block through the cricothyroid membrane using anatomical landmarks, by Fernandez-Vaquero

[17].
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Exploration Procedure:

Transverse Section:

1. Thyroid cartilage level: a triangular structure with a delta wing shape is ob-
served. The vocal cords will appear inside with a triangular shape. (Requires
angulation of the probe at 45-60° in a cephalic direction).

2.Cricoid cartilage level: for the second cut, slide the probe caudally until the
next semicircular cartilaginous structure, which is the cricoid cartilage.

3.Tracheal rings level: for the third transverse cut, direct the probe caudally until
it reaches the tracheal rings. At the level of the 6th or 7th tracheal ring, stop the
probe and rotate it 90° on its own axis, thus achieving the change from trans-
verse to longitudinal exploration.

Longitudinal Section:
4. Cricoid cartilage and tracheal rings: hypoechoic images in the form of “lentils”

(tracheal rings) and a larger, rounder structure in a cephalic position resem-
bling a “bean” (cricoid cartilage) are observed.
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5.Thyroid-cricoid cartilage (cricothyroid membrane): in a cephalic direction, once
the cricoid cartilage is identified, the tissue that appears just after it is the crico-
thyroid membrane, which inserts in a cephalic position on the thyroid cartilage
(Figure 11).

Cricothyroid Membrane Marking:

1. Preparation of marking kit and needle placement: a Tuohy needle or another
guide needle can be used, along with a vial of methylene blue for coloring. Posi-
tion the needle between the skin and probe, creating a hyperechoic image on the
superficial part with subsequent acoustic shadowing. Then, move it to the upper
edge of the cricoid cartilage.

TRACHTAL RING

S

AR

CRICOID C
TRACHEAL RINGS

ARWAY

Figure 11.
Ultrasound-guided approach for the localization of the cricothyroid membrane, by Fernandez-Vaquero [17].
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Figure 12.
Cricothyroid membrane marking, by Fernandez-Vaquero [17].

2.Membrane marking;: finally, upon needle removal, a mark will remain at the
level of the lower border of the cricothyroid membrane. If measurements of the
membrane have been taken, a millimeter ruler can be used to draw the entire
thickness (Figure 12).

Maintaining the probe with the membrane in the center of the image, the exact
location is marked with a pen or needle, or a subcutaneous wheal is created and the
prelaryngeal space is measured to calculate the maximum needle insertion length,
which is inserted in a caudal direction on a plane. Once air aspiration is confirmed,

4 mL of 2% lidocaine is injected. Ultrasound localization surpasses palpation and
surface anatomical references (usual maneuver) in terms of time and effectiveness.
Additionally, it allows for confirmation of the tracheal tube placement and identifica-
tion of potential procedure-related complications.

Real-time visualization of laryngeal vessels is also facilitated. It is important not
to lose sight of the superior and inferior laryngeal vessels or the needle tip. Since
intralaryngeal air hinders visibility of the needle’s posterior part, it is recommended
to measure the anteroposterior laryngeal diameter and clamp the needle to a length
smaller than this diameter to prevent perforation of the vessels, mediastinitis, and/or
laryngoesophageal fistula [35].

The following complications of translaryngeal block can occur: bleeding, infec-
tion, and tracheal perforation (secondary pneumomediastinum, subcutaneous
emphysema, and esophageal perforation). This block should not be performed in
patients at risk of aspiration, coagulation disorders, or cervical instability.
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6. Conclusions

* The main indication for regional anesthesia of the laryngeal vestibule (LV) is

awake intubation in difficult airways. There is no single approach for the total LV
block.

* The most commonly used technique is topical anesthesia or direct application of

local anesthetic (LA) to the LV. The least invasive technique should be chosen,
with a preference for topical anesthesia over nerve blocks.

* To select an appropriate regional anesthesia, it is crucial to individualize the

technique based on the objectives, characteristics of the procedure, patient, and
environment. Likewise, a comprehensive knowledge of the anatomy and physical
principles of ultrasound equipment is essential.

* The use of ultrasound is recommended to enhance the safety and efficiency

of anesthesia, as well as to combine necessary blocks. Ultrasound minimizes
complications, but in-depth anatomical knowledge of the blocking area is
indispensable.

* Regional techniques complement oxygenation, adequate sedation, and anti-

emetic measures, with proper patient information. Among the most commonly
used techniques are anesthetic topicalization and blocks of the glossopharyngeal,
superior laryngeal, and translaryngeal nerves.

* Any instrumentation of the LV can cause trauma or adverse effects such as

edema, hemorrhage, esophageal or tracheal perforation, pneumothorax, or
bronchoaspiration.

* Pediatric patients, polytraumatized patients, patients with full stomach or glot-

tic/subglottic obstruction, and obstetric patients require special treatment.
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Abstract

Careful perioperative pain management is crucial for good patient outcomes after
surgery, as poorly controlled pain interferes with the ability of patients to recover
to normal baseline function and increases postoperative morbidity and mortality.
Although opioids have been the mainstay for treating postoperative pain, there has
been a shift in favor of a multimodal analgesic approach, including regional anesthesia,
as a way to circumvent opioid-related adverse events (e.g. nausea and vomiting, respira-
tory depression, sedation). In this chapter, we present an update on several recently
developed regional anesthetic techniques, local anesthetic medications, as well as nerve
block adjuncts with the potential to improve pain management in the perioperative set-
ting. With more future studies, these novel methods may be incorporated into postsur-
gical recovery protocols and provide the opportunity to improve patient outcomes.

Keywords: regional anesthesia, nerve blocks, erector spinae plane block (ESPB),
pericapsular nerve group (PENG) block, interspace between the popliteal artery
and posterior capsule of the knee (iPACK) block, genicular block, external oblique
intercostal block, long-acting local Anesthetics, block adjuncts

1. Introduction

Prevention, treatment, and management of pain are crucial to delivering good
outcomes for patients undergoing surgery. Poorly controlled pain from surgeries can
trigger physiological stress responses that damage body organs while causing psycho-
logical and emotional distress to patients, thereby increasing postoperative morbidity
and mortality [1]. Additionally, inadequate pain control may also interfere with the
ability of patients to participate in rehabilitation activities, prolong length of hospital-
ization, and raise the overall cost of healthcare [2, 3]. Historically, opioids have been
the mainstay for postoperative pain. However, to avoid the myriad of opioid-related
adverse events (e.g. respiratory depression, sedation, vomiting), there has been a shift
in favor of multimodal analgesia in recent years to combine different classes of anal-
gesics and create a synergistic effect to alleviate pain [1, 4]. One major component of
multimodal analgesia is regional anesthesia and nerve blocks to reduce perioperative
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pain. In this chapter, we present several novel regional anesthesia techniques, local
anesthetic medications, and nerve block adjuncts developed in recent years that offer
unique advantages for pain management in the perioperative setting. Further future
research to investigate these techniques and medications will be critical for develop-
ing evidence-based guidelines and protocols in order to improve patient outcomes in
surgical settings.

2. Erector spinae plane block (ESPB)

The erector spinae plane block (ESPB) is a relatively novel regional technique for
acute and chronic pain management which delivers local anesthetics between the
thoracic transverse process and the erector spinae muscles [5, 6]. The ESPB was first
described by Forero et al. in 2016 as an ultrasound-guided interfascial plane block
that not only produces effective multi-dermatomal analgesia for severe chronic neu-
ropathic pain from metastatic disease of the ribs and rib fractures, but also improves
postoperative pain in patients undergoing video-assisted thoracoscopic lobectomies
[5]. Since then, the ESPB has gained popularity for its simplicity, safety, and ease of
delivery. Its use for perioperative pain management has expanded to a wide variety of
surgeries, including thoracotomies [7], breast surgeries [7, 8], ventral hernia repair
[9], percutaneous nephrolithotomies [10], and even lumbar fusion [11-13].

2.1 Anatomy and technique

The ESPB mainly involves the deep intrinsic back muscles, which are divided into
three layers: spinotransversales (superficial), erector spinae muscles (intermediate),
and transversospinales (deep) [6, 14]. The spinotransversales layer allows for neck
extension and head rotation, whereas the intermediate erector spinae muscles are a
complex muscular group that connects the spinous processes, ribs, and transverse
processes from each side of the spine. Finally, the transversospinales layer deep to the
erector spinae muscles joins the transverse processes to the spinous processes [6, 14].

As each upper thoracic spinal nerve exits the intervertebral foramen, it separates
into the dorsal and ventral rami. The dorsal ramus runs posteriorly into the erector
spinae muscle before splitting to lateral and medial branches. The medial branch con-
tinues posteriorly to supply a posterior cutaneous branch for the back of the chest. On
the other hand, the ventral ramus curves laterally to become the intercostal nerve. It
gives rise to the lateral cutaneous branch at the angle of the rib to innervate the lateral
chest, as well as the anterior cutaneous branch supplying the anterior chest wall and
upper abdomen [5, 14]. The way the ESPB achieves relief of the bony neuropathic
pain at the anterior, lateral, and posterior chest wall suggests that the local anesthet-
ics must target both the dorsal and ventral rami of the thoracic spinal nerve [5, 6]. In
other words, the best site of local anesthetic injection should be near the interverte-
bral foramina where the dorsal and ventral rami split deep (rather than superficial) to
the erector spinae muscles [5, 6].

The precise mechanism of action for ESPBs, particularly regarding the pattern and
variability of local anesthetic spread to the paravertebral spread, is still under investiga-
tion through studies on cadaveric models and in treated patients [6]. In thoracic ESPBs,
Yang et al’s cadaveric study reported consistent distribution of local anesthetics to the
paravertebral space [15], whereas Ivanusic et al. found more dorsal ramus involvement
but minimal spread of injected agent to the paravertebral space [16]. Other studies
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found that the extent of local anesthetic spread to the paravertebral space may depend
on the level of the block [17] or the volume of injection [18]. Further studies are
warranted to better understand the distribution of local anesthetics and improve the
efficacy of ESPBs.

The key steps to a successful ESPB are identifying the transverse process and
positioning of the needle tip for proper local anesthetic delivery [6]. It is most com-
monly done at the T5-T7 levels, though lumbar ESPBs have become more widely used
in recent years. First, the patient is put in a seated position before a linear ultrasound
transducer is placed longitudinally and about 3 cm lateral to the target spinal level.
This allows one to obtain a parasagittal view of the trapezius, rhomboid major, and
erector spinae muscles superficial to the hyperechoic spinous process [5, 6]. The block
needle is then inserted in either a cephalad-to-caudad or caudad-to-cephalad direc-
tion until the tip reaches the interfascial layer between the rhombus major and erector
spinae muscles, preferably deep to the erector spinae muscles. Upon injection of a
bolus of local anesthetic, one should observe a linear separation of fluid between the
muscle layers, confirming proper positioning [5, 6, 14]. Typically, 20-30 mL of 0.25%
bupivacaine or 0.5% ropivacaine are used. An indwelling catheter may be inserted for
continuous infusion or intermittent boluses [5, 14].

2.2 Clinical indications and trials

The ESPB is most commonly used for thoracic procedures. In a systemic review of
randomized trials comparing thoracic ESPBs to sham or no block, Saadawi et al. noted
that treatment with ESPBs led to reduced postoperative opioid consumptions as well
as lower pain scores [6]. These results were reflected in a variety of surgeries, from
breast cancer surgery [19] and mastectomy [20] to laparoscopic cholecystectomy [21],
splenectomy [22], and open epigastric hernia repair [23]. In a meta-analysis looking
specifically at thoracic and breast surgeries, Huang et al. also concluded improvement
of postoperative analgesia from ESPBs as well as lower rate of postoperative nausea
and vomiting (PONV) compared to no blocks [7]. Furthermore, Huang et al. found
that the analgesic efficacy of ESPBs to be comparable to that of thoracic paravertebral
blocks (TPVB). The analysis showed no significant overall difference in postoperative
pain scores or in incidence of PONV between ESPBs and TPVB [7]. Since it targets a
plane further from the pleura and neuraxial structures compared to TPVB, the ESPB
may be a promising alternative block with lower risks of pleural puncture and local
anesthetic systemic toxicity.

Spinal surgeries have been associated with high postoperative pain scores [24].
Whereas conventional opioid-based analgesia is associated with many opioid-
related adverse events (e.g. nausea, vomiting, sedation), the rise of multimodal
analgesic—which includes regional anesthesia—allows for improved management of
postoperative pain in spinal surgeries. ESPBs. Systemic reviews and meta-analyses
have examined randomized controlled trials (RCTs) comparing ESPBs with no block
following lumbar spine surgeries, including lumbar decompression surgery, lumbar
discectomy, and lumbar internal fixation [12, 13]. These studies have found that
patients who had ESPBs in the perioperative period reported lower postoperative pain
scores both at rest and with movement for 48 hours after surgery. In addition, ESPB
patients consumed less opioids postoperatively, had lower incidence of PONV, and
required shorter length of hospital stay. Additional analysis noted further reduction
in postoperative opioid use for ESPBs performed at level of incision or operation
rather than at fixed level [13]. While the current meta-analyses found that the ESPB
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provided effective postoperative analgesia in spine surgeries, future studies with
higher quality evidence are warranted to confirm the clinical significance and possible
superiority of ESP.

While most commonly used in thoracic surgeries, the ESPB also enhances pain
management for renal procedures. Adequate analgesia in renal procedures requires
the blockade of both somatic and visceral nerves innervating the skin, muscle,
kidneys, and ureters. Given that renal pain transmits from the T10 to L1 level, the
ESPB offers a promising solution. In a 2019 single-blinded RCT including 50 patients,
Ibrahim et al. evaluated the analgesic efficacy of the ESPB compared to no block for
percutaneous nephrolithotomy (PCNL) [10]. The block was performed in a single-
shot at the T11 level unilaterally. The results showed lower intraoperative fentanyl
consumption, lower morphine use 24 h after surgery, and higher rates of patient
satisfaction for the treatment group. In addition, Ibrahim et al. noted statistically
significant lower pain scale scores at 2 and 12 h in the ESPB group, though with only
1-point lower in pain scores compared to the control which may not be clinically
relevant. A RCT study with 60 patients by Abdelgalil et al. compared the ESPB at
the T7 level with patient-controlled analgesia (PCA) in open nephrectomy for renal
malignancies, showing similar results of lower intraoperative and postoperative opi-
oid consumption for the ESPB group [25]. Furthermore, Abdelgalil et al. found lower
pain scores both at rest and with movement in the ESPB group, with a more clinically
significant 2-point difference minimum in pain scores with movement in the first 24 h
postoperatively compared to the control.

The use of ESPB has been expanded to address pain from the shoulder and upper
extremity. A case series by Ma et al. reported successful analgesia with cervical ESPB
(performed at the C6 or C7 level) for six patients undergoing shoulder arthroscopy,
an intervention for severe rotator cuff injuries typically associated with severe
postoperative pain [26]. The study reported that four out of the six patients did not
require supplemental postoperative analgesia and that all were able to be discharged
home safely the day after surgery. Similarly, a case report by Lee et al. demonstrated
the use of ESPB in the emergency department setting for a patient with chronic
radicular left arm pain limiting range of motion of the shoulder and elbow despite
over-the-counter medications, topical patches, acupuncture, and a variety of other
interventions [27]. Lee et al. noted complete relief of pain symptoms and restoration
of range of motion for the patient 30 min after receiving the ESPB at the T2 level. The
patient also reported complete pain relief for 5 days, with gradual return of symptoms
at a more tolerable level afterwards. Together, these preliminary findings presented
the ESPB as a potential regional anesthesia technique for upper limb injuries with
lower risk of diaphragmatic paresis, upper extremity motor paresis, and nerve injury
compared to the more widely used brachial plexus block.

3. Pericapsular nerve group (PENG) block

The pericapsular nerve group (PENG) block is a novel ultrasound-guided regional
anesthesia technique that targets the articular branches to the anterior hip joint cap-
sule—namely the femoral nerve (FN) and accessory obturator nerve (AON)—which
is the most richly innervated part of the joint [28, 29]. When it was first described by
Girén-Arango in 2018, the PENG block was used in perioperative pain management for
hip fracture patients undergoing surgical reduction and fixation [28]. The PENG block
serves as an alternative to other regional analgesic techniques such as the femoral nerve
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block (FNB) or fascial iliaca block (FIB) which are popular for hip procedures, with the
added advantage of accessory obturator and the obturator nerves block coverage [28].

3.1 Anatomy and technique

Sensory innervation to the anterior hip joint capsule is provided by three nerves:
the femoral nerve (FN), obturator nerve (ON), and accessory obturator nerve
(AON). The FN, the largest branch of the lumbar plexus, originates from the ventral
rami of L2 to L4 nerves and gives rise to the hip articular branches distal to the lateral
border of the psoas muscle at around the L5 level which mostly innervate the lateral
and superomedial portions of the hip capsule [29]. The ON begins at the ventral
rami of the L2 to L4 nerves and passes through the obturator foramen before split-
ting into anterior and posterior branches at the thigh. The ON articular branches
pass through the inferomedial (or “incisura”) of the acetabulum between the pubic
and ischial bones to supply the inferomedial area of the hip capsule [29]. Finally,
the AON, present in 8-29% of the population [30], originates from the ventral rami
of L3 to L4 nerves and descends along the medial border of the psoas major muscle
past the superior ramus of the pubis and under the pectineus muscle before splitting
into further branches. These AON branches supply the pectineus muscle and join the
anterior branches of the ON at the medial aspect of the hip capsule [29].

Past studies have identified FN, ON, and AON as the major nerves of the hip
joint, with ON and AON being reported as the most common source of innervation.
However, a major cadaveric study in 2017 by Short et al. which included 13 specimens
has found consistent innervation of the anterior hip capsule by FNs and ONs specifi-
cally, whereas AON branches were found to be less significant contributors [31].
Short et al. also identified pertinent anatomical landmarks for finding the articular
branches of the hip joint: the “teardrop” bone thickening of the inferomedial acetabu-
lum for ON, the anterior superior iliac spine (AIIS), and the iliopubic eminence (IPE)
for FN and AON [31]. These findings inspired Giron et al. to develop the PENG block
in order to more effectively target the FN and AON between the AIIS and IPE [28, 32].

To perform the PENG block, a patient is typically positioned supine with hip
extended. For the in-plane technique, a curvilinear ultrasound probe is placed in
a transverse plane over the AIIS before rotating 30-45 degrees to align with pubic
ramus. This allows one to visualize the iliopsoas muscle and tendon sitting on the IPE
along with the femoral artery and the more medial pectineus muscle. Next, a 22-gauge
needle may be inserted in a lateral-to-medial in-plane approach to aim the tip in the
plane between the psoas tendon anteriorly and the pubic ramus posteriorly. After
needle positioning and negative aspiration, a volume of 8-30 mL of local anesthetics
(e.g. bupivacaine, ropivacaine, or lidocaine) may be injected for analgesia [28, 32].
With the out-of-plane technique, the ultrasound probe is placed at the level of the
anterior superior iliac spine (ASIS) parallel to the inguinal fold then rotated median
until the upper pubic ramus is visible. As a result, the target area of local anesthetic
injection, i.e. the area between the psoas muscle with a prominent tendon and the
pubic ramus, may be located and approached out-of-plane.

3.2 Clinical indications and trials

The PENG block is most commonly used for hip-related analgesia, such as in
the setting of hip fractures, pelvic fractures, and hip surgeries. While initial review
studies have identified the PENG block as a promising alternative to other regional
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techniques (e.g. FNB, FIB), most of the evidence was limited to case reports and case
series only [33]. In the last 2 years, there has been a rise in randomized controlled
studies that strive to examine the safety and efficacy of PENG blocks in order to
improve understanding of the novel technique.

When compared against sham placebo blocks or no blocks in total hip arthroplasty
(THA), the results on the PENG block were mixed. Pascarella et al. found a significant
reduction in opioid consumption, enhanced range of hip motion, and shortened time to
ambulation after surgery with PENG block treatment [34], whereas Zheng et al. noted
mostly short-term benefits (e.g. reduced intraoperative opioid dosing, lower maximal
pain score in recovery room, fewer incidence of PONV) but no notable difference in out-
comes upon discharge from recovery (e.g. no difference in pain score or muscle strength)
[35]. On the other hand, Amato et al. found no improvement in analgesia for the PENG
block treatment group compared to the sham block group after hip arthroscopy [36].

There have been several RTCs comparing the PENG block against FIB in the setting
of hip arthroplasty. In terms of postoperative pain level, most RTCs reported little to
no difference in pain scores at rest or with movement 48 h after the surgery between
the PENG block and FIB groups [37-39]. Similarly, most studies found no notable
difference in the cumulative postoperative opioid consumption or overall length of
hospital stay [37-39]. However, this may vary based on patient condition and demo-
graphics. For example, the RCT by Hua et al. specifically examined the analgesic effect
of the PENG block in elderly patients (ages 65-85) with femoral neck fracture; they
found significantly lower dynamic and static pain scores in the PENG block group, as
well as higher patient satisfaction score compared to the FIB group [40].

Several RCTs also looked at the level of postoperative motor function between
the two groups [37-38, 40]. While Choi did not observe differences in quadriceps
strength of either the operative or nonoperative legs in the PENG block group versus
the FIB group, Aliste et al. found lower incidence of quadriceps motor block (i.e. pare-
sis or paralysis of knee extension) at 3 and 6 h after the procedure in the PENG block
group, as well as better hip adduction and thigh sensory function [38]. Similarly, Hua
et al’s study on the elderly population reported quadricep weakness in the FIB group
but none from the PENG block group [40]. These results were also reflected in Liang
et al’s study in which the PENG block was combined with lateral femoral cutaneous
nerve (LFCN) block. Liang et al. found that the combination of PENG with LFCN
blocks led to earlier first postoperative walking time, greater degree of hip flexion,
and stronger muscle strength compared to FIB, making the combined block a good
candidate for enhanced recovery programs [39]. Overall, the preservation of motor
function in PENG blocks offers the advantage of early postoperative ambulation and
potentially quicker physical rehabilitation to normal activities.

4. Interspace between the popliteal artery and posterior capsule of the
knee (iPACK) block

The interspace between the popliteal artery and posterior capsule of the knee (iPACK)
block is an emerging analgesic method for total knee arthroplasties (TKA). First intro-
duced in 2012 by Dr. Sanjay Sinha at St Francis Hospital and Medical Center in Hartford,
CT, the iPACK block offers an ultrasound-guided alternative approach to managing
posterior knee pain after TKA [41]. Whereas traditional regional anesthetics such as
sciatic nerve blocks are associated with delayed functional recovery and motor weakness,
the iPACK block aims to provide pain relief while preserving motor function [42].

42



Novel Techniques and Local Anesthetics for Perioperative Pain Management
DOI: http://dx.doi.org/10.5772/intechopen.1002929

4.1 Anatomy and technique

The iPACK block specifically targets the distal branches of the sciatic nerve to
diminish the occurrence of foot drop, a common complication associated with TKA
[43]. At the same time, it addresses pain in the posterior knee region by spreading
through the popliteal fossa to the genicular branch of the obturator nerve and the infe-
rior branches of the tibial nerve-nerves that are key analgesic targets for knee surgery
[42, 44]. A cadaveric study has demonstrated that injectate consistently surrounds the
middle genicular artery and likely involves the articular sensory nerves surrounding
the vessel, thereby suggesting a potential mechanism for the iPACK block [44].

The optimal location of iPACK needle site entry remains a subject of ongoing
investigation. A RCT showed that a distal iPACK block may result in improved motor
function compared to a proximal block above the femoral condyle [45]. The proximal
block targets the superior medial and lateral genicular nerves above the femoral con-
dyle, which do not disperse to the sciatic nerve of the popliteal plexus. On the other
hand, an iPACK injection below the femoral condyle may spread more effectively to
the intercondylar region, thus reaching the popliteal plexus innervating the intra-
articular and posterior knee regions [45]. A potential explanation for this difference
may be that proximal injections spread more anteromedially, whereas distal injections
promote greater anterolateral spread [46]. Further studies are required to confirm the
exact mechanism of action.

4.2 Clinical indications and trials

While the iPACK block offers promising results and has been implemented in
postoperative care, clinical data remain relatively limited. However, several studies
have investigated the safety and efficacy of the technique.

The use of the iPACK block is most commonly combined with adductor canal
blocks (ACB) following TKA. Kertkaiatkachorn et al. observed patients receiving
either continuous ACB with iPACK treatment versus continuous ACB with periar-
ticular injection (PAI) as an analgesic regimen [47]. The RCT found no significant
difference in postoperative pain scores between the two groups. However, the iPACK
block group demonstrated an increased IV morphine requirement compared to those
in the PAI group. In addition, the iPACK group demonstrated a lower level of immedi-
ate ambulatory ability compared to the PAI group, though functional performance
recovered with time [47].

Another study by Mou et al. compared three groups of patients receiving ACB and
iPACK block, ACB only, and iPACK block only [48]. While patients receiving both
ACB and iPACK block reported the lowest pain scores within 8 h postoperatively,
those receiving iPACK block only reported the highest pain scores after 12-24 h as
well as highest opioid consumption during hospitalization. No significant differ-
ence in postoperative complications or function evaluation was observed among the
groups. These results suggest that while iPACK may reduce early pain when combined
with ACB, the combination may not be clinically significant [48].

A systemic review by D’Souza et al. including eight RCTs (777 patients) assessed
whether receiving an iPACK block as an adjunct after TKA would improve patient
outcomes [49]. The analysis revealed that the majority of patients who received the
adjunct iPACK block experienced no difference in postoperative opioid consumption,
level of satisfaction, hospital length of stay, gait distance, and knee range of motion
compared to those without iPACK block treatment. Similarly, a meta-analysis of
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14 clinical trials (1044 patients) found that an iPACK block with ACB regimen did not
improve postoperative pain at 6 hours in the presence of periarticular local infiltration
analgesia (LIA) [50]. However, administering an iPACK block as an adjunct to ACB did
provide better pain relief when periarticular LIA was not given. Overall, these results
suggest that the iPACK block might not add significant clinical benefit as an adjunct.
While the iPACK block was originally intended for use after TKA, clinicians
have begun exploring its use after anterior cruciate ligament (ACL) reconstruction.
Martin et al. compared the combination of femoral triangle block and iPACK block
to local infiltration analgesia after ACL reconstruction [51]. The results showed that
even though the iPACK block treatment reduced consumption of morphine 24 h after
surgery, it provided no notable difference in outcomes for analgesia or function [51].
This study is one of the few trials that studied iPACK blocks for a non-TKA surgery,
suggesting the possibility for the block to be used in ACL reconstruction procedures.
A case series has reflected similar results for using iPACK blocks after ACL recon-
struction specifically in adolescent patients [52]. The three patients in the study
reported minimal pain and no unexpected weakness in dorsiflexion or plantarflexion
after receiving only one iPACK block postoperatively. The patients also required very
little or no morphine after the procedure; the report confirmed that the iPACK blocks
may be safely administered to adolescent patients undergoing ACL reconstruction.
Overall, current literature suggests that while iPACK may offer safe and effective
anesthesia for postoperative posterior knee pain, it may not provide meaningful clinical
benefits beyond those of standard of care. Although initially meant for use after TKA,
the iPACK block may also be useful for ACL reconstruction. Further studies are necessary
to better characterize the benefits of iPACK blocks, such as whether to be administered
alone or with other analgesic techniques and its efficacy for other types of surgeries.

5. Genicular nerve block and cryoneurolysis for knee

Genicular nerve blocks involve many different branches of nerves from the femo-
ral, saphenous, common fibular, and tibial nerves to innervate the joint capsule. This
procedure was first developed to help with chronic knee pain and was later adopted
for surgical procedures such as total knee arthroplasty [53]. Genicular nerve block
selectively blocks articular branches and is motor-sparing. This can be potentially
helpful in early ambulation and faster discharge of the patient following total knee
replacement. Genicular nerve block and ablation have also been used as a successful
modality in the management of chronic pain from knee osteoarthritis [54].

On the other hand, the use of cryoneurolysis, an opioid-sparing therapy in
which cryoprobes freeze peripheral nerves, is becoming increasingly popular [55].
Cryoneurolysis causes nerves to undergo Wallerian degeneration, allowing relief
from pain for up to 90 days as nerves regenerate [56, 57]. The device for the procedure
utilizes liquid nitrous oxide being converted to a gas, generating a temperature of
—125°C [58]. The advantages of cryoneurolysis include increased functional capac-
ity and improved quality of life secondary to pain relief and ability to participate in
physical exercise [59].

5.1 Anatomy

The knee is innervated by several different branches around the joint. The various
nerves include nerve to vastus medialis (NVM), nerve to vastus lateralis (NVL), nerve
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to vastus intermedius (NVI), saphenous nerve (SN), common fibular nerve (CFN),
recurrent fibular nerve (RFN), superolateral genicular nerve (SLGN), superomedial
genicular nerve (SMGN), inferolateral genicular nerve (ILGN), and inferomedial
genicular nerve (IMGN) [60]. There is variation in the exact trajectory of the genicu-
lar nerves, but the general landmarks around the nerves are fairly consistent across
the population. Innervation of the joint capsule can be divided into four main quad-
rants: superolateral, superomedial, inferolateral, inferomedial.

5.2 Genicular nerve blocks

To perform the genicular nerve block, the patient is placed supine with his or her
leg out straight and a pillow placed under the popliteal fossa [53]. Under ultrasound
guidance, the articular branches of SMGN, SLGN, and IMGN are identified along the
periosteum. There is the option to confirm the correct site for each using a peripheral
nerve stimulation needle tip with nerve stimulation [61].

The SMGN starts in the superior popliteal region, tracks around the femur shaft,
follows the superior medial genicular artery, then goes between the adductor magnus
tendon and the medial epicondyle which is the target location for the block [62]. The
superomedial genicular artery should be visible and courses along medially to the
SMGN [61]. The SLGN runs laterally along the femur with the superolateral genicular
artery and passes between the lateral epicondyle and vastus lateralis. The superolat-
eral genicular artery is found between the vastus lateralis deep fascia and the femur,
which is next to the target of the block and lateral to the SLGN [61, 62]. The IMGN
lies between the medial tibial condyle and the shaft of the tibia. The inferomedial
genicular artery can be seen inferior to the medial collateral ligament and inferome-
dial to the IMGN target [61]. The ILGN begins in the inferior popliteal region and
courses around the tibial lateral epicondyle deep to the lateral collateral ligament,
following the inferior lateral genicular artery superior to the fibula head [62]. It lies
lateral and distal to the knee in a similar distribution to the RFN. Once each target
nerve is identified, a 22-gauge needle can be introduced until bony contact is made
with the femur, and 4-5 mL of long-acting local anesthetic (bupivacaine or ropiva-
caine) may be injected to the area.

The major limiting factor for the genicular nerve block is the fact that the genicu-
lar nerve is small while its trajectory is variable. As such, the block is mainly done
based on bony landmarks with ultrasound guidance [63]. The option block for the
ILGN, which is near the CFN, can lead to inadvertent postoperative foot drop, which
may result in an extended time in the hospital waiting for the block to wear off. Due to
the proximity to blood vessels and joints, there is an implicit risk of vascular or intra-
articular puncture [62, 63].

5.3 Cryoneurolysis

Cryoneurolysis is the application of low temperatures (—20°C to —100°C) to a
target percutaneous peripheral nerve to induce Wallerian degeneration; this subse-
quently disrupts the nerve function while nerve structure remains intact [56, 64].
Since nerve structure remains intact, this allows for complete nerve regeneration and
a functional salvage of the nerve over time [65, 66]. Cryoneurolysis provides nono-
pioid pain relief with a lower risk of infection and no potential for local anesthetic
toxicity or catheter dislodgement/leakage commonly seen with other pain manage-
ment techniques. Additionally, there is a wide margin of safety with cryoanalgesia
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exceeding traditional local anesthetic-based peripheral nerve blocks, thereby enhanc-
ing its clinical utility [67]. The modern cryoprobes utilize gas (usually carbon dioxide
or nitrous oxide) to generate extremely low temperatures. The cryoprobes consist

of a hollow tube ranging from 1.4 mm to 2 mm with a smaller inner tube that injects
pressurized gas at 600-800 psi [68].

Cryoneurolysis can be performed days prior to the proposed surgery. The patient
is positioned supine with the leg straightened out and a pillow under the popliteal
fossa. The two target nerves are the anterior femoral cutaneous nerve (AFCN) and the
infrapatellar branch of the saphenous nerve (IPBSN) [58, 69].

The AFCN courses in the fascia on top of the quadriceps tendon and deep to
subcutaneous fat on the anterior aspect of the leg. The target location for AFCN is
around 70 mm above the superior pole of the patella [58]. A line in the transverse
plane is drawn across the length from the medial and lateral edges of the patella where
the needles for the treatment can be placed [58].

The IPBSN runs along the joint capsule and anterior inferior to the head of the
tibia. The target location for IPBSN is roughly 50 mm below the inferior pole of the
patella just medial to the patellar tendon [58]. A line in the sagittal plane may be
drawn across the tibia from the inferior edge of the patella to the tibial tubercle for
placement of needles for the treatment [58].

Once the target nerves are located and local anesthetics are applied to the cutane-
ous tissues, the needles can transmit cooling and warming for around 50 s, starting
from one edge of the line to another for six cycles. A series of 2-3 min of freezing
with 30 s of defrosting between each cycle is recommended [70]. Patients often note
a burning or tingling during treatment which confirms the correct location. The
entire procedure takes approximately 15 min [58]. Many newer nerve cryoprobes have
built-in nerve stimulators for localization of the nerve and thermistors to detect the
temperature, allowing for a wide margin of safety for the devices [70].

There are few relative or absolute contraindications to cryoneurolysis, includ-
ing anticoagulation, bleeding disorders, localized infection, cryoglobulinemia,
cold urticaria, paroxysmal cold haemoglobinuria, and Raynaud’s syndrome [67].
Cryoneurolysis is contraindicated when extremity muscle demonstrates extreme
weakness, such as ablating the femoral nerve for analgesia following a knee surgery
in which the weakened quadriceps muscle prevents postoperative ambulation [67].
Other risks include bleeding, bruising, and minimal damage to surrounding tissue as
the tissue may adhere to the frozen probe [58, 68]. After the procedure, there may also
be depigmentation or hyperpigmentation [68].

5.4 Comparison to other knee blocks and future research

There is a limited number of studies that directly compare the genicular nerve
block or cryoneurolysis. However, one study demonstrated that interspace between
the popliteal artery and capsule of the knee (iPACK) block and the genicular nerve
block both significantly reduced postoperative pain with no difference in time to
mobilization after surgery. In fact, the genicular block was found to provide bet-
ter pain relief 4 and 8 hours postoperatively when the patient is ambulating [71].

A recent review article found no RCTs for genicular nerve blocks to date, despite
preliminary studies demonstrating for postoperative pain [72].

New techniques and devices for cryoneurolysis are being tested that utilize
local injection of a “cold slurry” containing normal saline with 15% glycerol
from —5°C down to —9°C. This can minimize the limitations of the current

46



Novel Techniques and Local Anesthetics for Perioperative Pain Management
DOI: http://dx.doi.org/10.5772/intechopen.1002929

cryoneurolysis devices [55]. There is also ongoing research to optimize probe design
[73]. Development of newer types of local anesthetics may also impact the future of
genicular blocks.

Total knee replacement is a major surgery associated with significant postopera-
tive pain. Therefore, nerve blocks are often used prior to the surgery to alleviate pain
and potentially reduce opioid use. Additionally, cryoneurolysis may also provide
longer pain relief than standard knee blocks. The techniques for these two procedures
are fairly easy and mostly landmarked-based rather than requiring direct visualiza-
tion. Further research into the safety and efficacy of the two procedures will allow for
better assessment and understanding of appropriate clinical application for patients.

6. External oblique intercostal block

The external oblique intercostal (EOI) block is a novel superficial plane regional
anesthesia technique that offers promising benefits for postoperative analgesia in
upper abdominal surgeries [74]. The external oblique muscle is the most superficial
muscular layer of the abdominal wall. Covering the anterior and lateral parts of the
abdomen, it attaches to the lower eight ribs and runs inferiorly, medially, and anteri-
orly, ending midline at the linea alba [75]. It is innervated by the motor branches of
the lateral cutaneous branches of anterior spinal nerves from T5 to T12 [76]. A limited
cadaveric study revealed that dye injections to the site of EOI blocks effectively spread
to both the anterior and lateral cutaneous branches of the T6/T7 to T10/T11 intercos-
tal nerves; this distribution may explain the mechanism of EOI injection [75].

In patients, EOI blocks are performed with subjects lying supine; the sixth and
tenth ribs are identified by ultrasound. The injection entry point is at the level of the
sixth rib medial to the anterior axillary line. The needle is advanced in a superome-
dial-to-inferolateral direction, through the external oblique muscle, until the tip lies
between the external oblique and intercostal muscles at the caudal end of the rib [75].
With the EOI block, patients should experience consistent sensory blockade of T6 to
T9 at the midline and T6 to T10 at the anterior axillary line [75]. This technique has
been shown to be effective in bariatric and liver surgery with patients having reduced
opioid consumption and improved postoperative pain scores [77-79].

Obesity is associated with higher rates of complications and block failure. One
challenge includes technical difficulties related to the depth of the target site [80, 81].
Obesity is an important consideration in regional anesthesia and often considered
a contraindication for procedures such as paravertebral blockade, thoracic epidural
analgesia, and erector spinae plane catheter insertion [81]. A case study reported suc-
cessful administration of EOI block in two morbidly obese patients despite technical
challenges [81]. This suggests the potential for EOI blocks to be used in a wider patient
population compared to other regional analgesic methods. Future studies should fur-
ther investigate the efficacy of EOI blocks in larger cohorts of obese patients in order
to better understand the benefits, potential complications, and long-term outcomes
of EOI blocks in this specific population.

In addition to its potential use for a wider patient population, the EOI block
presents several advantages over other alternatives. For example, the transabdominal
plane (TAP) blocks inconsistently block the innervation to the upper abdominal
wall. Depending on the approach, subcostal TAP blocks typically cover either T6 to
T7 or T10 to T11, but not both simultaneously [75]. In addition, unlike EOI blocks,
TAP blocks often fail to block lateral cutaneous branches, thus limiting use in several
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abdominal surgical procedures [75, 82]. In contrast, EOI blocks seem to provide more
for upper abdominal surgeries, though further research is needed to establish its
efficacy, safety, and optimal application.

7. Long-acting local anesthetics and block adjuncts

Long-acting local anesthetics may be explored as potential solutions to improve
analgesia and reduce postoperative opioids use. Traditional local anesthetics, such as
lidocaine and bupivacaine, provide short- to intermediate-term pain relief. However,
their duration of action is limited, leaving patients in pain once the effects subside
and thus requiring other medications such as opioids for pain control.

Current research has focused on formulating new local anesthetics with liposomal
or lipid-based delivery systems. The aim is to prolong the duration of analgesia,
thereby reducing the need for additional pain interventions. These systems encap-
sulate the anesthetic drug, allowing for slow and sustained release over an extended
period. By controlling the release rate, these formulations can provide analgesia for
several days, significantly reducing the need for opioids postoperatively. Another
strategy involves using novel compounds or modifying existing local anesthetics to
enhance the duration of action. These modifications include adding additives in nerve
blocks or altering the chemical structure of the drug to increase potency or delay
metabolism, thereby extending the analgesic effects. Preliminary studies and clinical
trials have shown promising results with some of these long-acting local anesthetics.

7.1 Liposomal bupivacaine

Liposomal bupivacaine, also known as extended-release bupivacaine, is similar
to a micelle, creating a bilayer of lipids with bupivacaine inside the structure. In
2011, Bupivacaine liposome injectable suspension (Exparel) was approved as a local
anesthetic by the US Food and Drug Administration (FDA) for single-dose infiltra-
tion in adults for postsurgical local anesthesia and for interscalene brachial plexus
nerve blocks [83, 84]. The drug has a slower release than typical bupivacaine due to its
liposomal structure which substantially prolongs the analgesic effects [85].

When liposomal bupivacaine is administered, the local anesthetic effect dimin-
ishes over time while the systemic levels of bupivacaine may persist for up to 96 h
[86]. The prolonged effect makes liposomal bupivacaine beneficial for postoperative
analgesia. To prevent unintentional overdose and systemic toxicity, one should avoid
administering immediate-release bupivacaine or other local anesthetics for at least
96 h after liposomal bupivacaine use [86].

The evidence supporting the effectiveness of liposomal bupivacaine for post-
operative pain management has been limited. A review by Ilfeld et al. looked at
12 placebo-controlled RCTs investigating liposomal bupivacaine infiltration into
the surgical site for postoperative pain management after procedures in the trunk,
extremities, and dentition [87]. Only five of the 12 RCTs demonstrated improved
pain management from liposomal bupivacaine compared to the placebo control group
[87]. Furthermore, Ilfeld et al. noted an increased risk of bias in all five RTCs [87-89].
When comparing liposomal bupivacaine to traditional bupivacaine hydrochloride,
an older and shorter-acting analgesic, only two out of 19 RTCs reported statisti-
cally and clinically significant difference in postoperative pain scores for liposomal
bupivacaine after various surgeries (excluding knee arthroplasty). Similarly, only two
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out of 17 RCTs for knee arthroplasty found a significant difference in pain scores and
postoperative opioid use for the liposomal bupivacaine group compared to traditional
bupivacaine [85, 87, 90, 91].

RTCs evaluating single-shot nerve blocks and continuous peripheral nerve blocks
for knee and shoulder procedures found liposomal bupivacaine to be superior to typi-
cal anesthetics for pain control and reduced postoperative opioid consumption [87,
92-102]. However, RTCs on liposomal bupivacaine use in TAP blocks and epidural
blocks after abdominal surgery showed mixed results; there was no difference in pain
scores or postoperative opioid use between TAP block using liposomal bupivacaine
compared to epidural blocks with fentanyl [103].

7.2 Bupivacaine/meloxicam

Bupivacaine/meloxicam (Zynrelef) is a combination drug in fixed doses of the
local anesthetic, bupivacaine, and meloxicam. This is a prolonged-release formula-
tion that lasts approximately 72 h and is applied with a needle-free technique into a
surgical site where it can target local tissues just below the skin. Phase III clinical trials
using bupivacaine/meloxicam in bunionectomies, herniorrhaphies, and total knee
arthroplasty have demonstrated a statistically significant decrease in pain and opioid
consumption compared to placebo and bupivacaine hydrochloride. Wound healing
was not impacted, and adverse effects were similar to placebo [104].

7.3 Lidocaine infusion

The proposed benefits of continuous systemic lidocaine infusion in the periopera-
tive setting is to reduce the need for opioids and inhaled anesthetic agents as well as
allow for the return of bowel function after surgery to shorten the length of stay in
the hospital [105]. A systematic review of 68 trials included studies that compared
lidocaine infusion to thoracic epidural analgesia, placebo, or no treatment during
general anesthesia cases that were either urgent or elective. The procedures studied
included open abdominal and laparoscopic abdominal surgeries. Lidocaine infusion
was started prior to the incision intraoperatively and continued until at least the end
of the surgery. There was no clear evidence of improvement in pain scores, return
of bowel function after surgery, or lower opioid consumption compared to placebo
or no treatment. In addition, there was insufficient evidence for lidocaine infusion
compared to epidural anesthesia since the studies varied in dosing and timing of the
infusion [106].

7.4 Mepivacaine

Mepivacaine is an intermediate-acting local anesthetic with a shorter duration
ataround 1.5-2 h. Review articles of RCTs and retrospective cohort studies have
compared mepivacaine and bupivacaine for spinal anesthesia in total hip arthroplasty
and total knee arthroplasty [107, 108]. The results found that mepivacaine treatment
is associated with higher incidence of complete motor blocks, shorter hospital stay,
faster resolution of the motor block, sooner return to normal voiding function, and
earlier time to ambulation compared to bupivacaine. However, mepivacaine also had
higher incidences of transient neurologic symptoms and transient nerve root irrita-
tion than bupivacaine. There was no significant difference in pain scores or distance
walked after surgery despite early ambulation with mepivacaine [107, 108].
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In a meta-analysis that includes seven RTCs with 672 patients, Fu et al. compared
mepivacaine and bupivacaine in combination blocks for the femoral and sciatic
nerves, interscalene brachial plexus blocks, and spinal anesthesia [109]. Their find-
ings showed that patients receiving mepivacaine experienced significantly faster
return of motor function and shorter length of hospital stay. However, mepivacaine
use was also associated with increased postoperative analgesic requirements such as
opioids and nonsteroidal anti-inflammatory drugs (NSAIDs). This could be due to the
shorter duration of action of mepivacaine, as well as early ambulation with mepi-
vacaine leading to more pain from movement. Finally, no difference was found in
postoperative pain scores, complications from blocks, or patient satisfaction between
mepivacaine and bupivacaine [109].

7.5 Prilocaine

Prilocaine, a local anesthetic, has an intermediate length of duration with a fast
onset of action. It is cleared faster than lidocaine and less likely to reach toxic blood
levels, thus contributing to minimal side effects [110]. Prilocaine has been found to be
particularly useful for spinal anesthesia in low doses [111]. Compared to bupivacaine,
prilocaine use in obstetric anesthesia for cesarean sections was associated with a
significantly reduced duration of the motor block and subsequently shorter stay in the
post-anesthesia care unit [112]. Recently, 2% hyperbaric prilocaine has been approved
for intrathecal use in Europe for 60- to 90-min procedures; however, it is only avail-
able for dental procedures in the US. While lidocaine may cause transient neurologic
symptoms as a side effect in 10-40% of patients, intrathecal prilocaine may be a
better option due to its lower incidence [111].

7.6 QX-OH/levobupivacaine (LL-1)

QX-OH is a quaternary lidocaine derivative shown to maintain local anesthetic
effect over a long period in rats [113]. When QX-OH is combined with levobu-
pivacaine (QX-OH/Levo-Bupi, or LL-1), the constant concentration ratio of
35 mM/10 mM was found to achieve the longest duration of action while having
moderate local toxicity (QX-OH/Levo-Bupi, denoted as LL-1) [114]. This new com-
bination in fixed-dose has shown good efficacy and fast onset of analgesia in animal
models. Studies have shown that the two drugs create an additive effect of inhibition
of sodium currents across cell membranes. In addition, LL-1 offers the advantage
of low tissue toxicity in local injections [115-117]. Further investigation of LL-1 in
human subjects is warranted.

7.7 Hydrogel/microsphere composite of bupivacaine and dexmedetomidine

A hydrogel/microsphere composite co-delivers local anesthetic bupivacaine in
the microsphere and alpha-2 (a,)-adrenergic receptor agonist dexmedetomidine
in the hydrogel matrix; it was developed to prolong analgesia in single injections
[118]. The goal was to release dexmedetomidine from the hydrogel and constrict
surrounding local arteries to reduce bupivacaine uptake, similar to the role of
epinephrine when combined with lidocaine for local anesthesia. Bupivacaine is
released over a longer period to lengthen the duration of analgesia. Rat model
studies of this extended-release drug formulation in sciatic nerve blocks have
demonstrated a longer duration of nerve block while minimizing systemic toxicity
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from bupivacaine. This drug delivery system offers a viable strategy to extend the
duration of single-shot nerve blocks for surgery [118].

7.8 Injectable electrospun fiber-hydrogel composite

An injectable regional anesthetic composite combining Rop-loaded electrospun
nanofiber and Clo-loaded F127 hydrogel is a single-shot composite drug made of a
poly-electrospun fiber of e-caprolactone loaded with ropivacaine and F127 hydrogel
loaded with clonidine [119]. Clonidine is released from the hydrogel to constrict
neighboring local arteries while reducing ropivacaine uptake. Then, ropivacaine is
slowly released over time to prolong blockage to the target area. Testing of the drug
on rat models for sciatic nerve blocks showed the sensory and motor blocks lasting
around 32 h and 20 h, respectively. This means a significant time with minimal pain
and intact motor function. The injectable electrospun fiber-hydrogel composite may
be useful for total knee arthroplasty and total hip arthroplasty [119].

7.9 Dexmedetomidine

Dexmedetomidine is a selective ap-adrenoreceptor agonist which provides seda-
tive, analgesic and anxiolytic properties. Clonidine, another adjunct which works
on the same receptor, is eight times less specific for a,-adrenoreceptor compared to
dexmedetomidine [120]. The a,-adrenoreceptor is a G-coupled protein widely found
in the periphery, central nervous system and autonomic ganglion. When acting on the
locus coeruleus nucleus, dexmedetomidine provides sedative and hypnotic effects. At
the dorsal horn, it reduces the secretion of pain transmission molecules such as sub-
stance P and glutamate [121]. Dexmedetomidine also maintains the hyperpolarization
state of interneurons by inhibiting I, current. This leads to an amplified anesthetic
effect on unmyelinated C pain fibers and small myelinated A-5 fibers which detect
temperature and rapid pain sensation. In contrast, large myelinated motor fibers
are less affected [122]. At lower doses, dexmedetomidine decreases heart rate and
blood pressure by reducing vascular resistance. At larger and rapid doses, it is no
longer selective, thereby causing increased blood pressure and decreased heart rate.
Combining dexmedetomidine with local anesthetics in peripheral nerve blocks has
demonstrated stronger analgesic effect and prolonged duration by 4-5 h compared to
using local anesthetics alone [123]. This can be attributed to the drug’s effect through-
out the spinal cord, its ability to inhibit § and C fibers and the vasoconstrictive
properties leading to reduced absorption of local anesthetics [124]. In a meta-analysis
looking at perineural dexmedetomidine in brachial plexus blocks, dexmedetomidine
provided an increase in mean analgesia duration by 4.5 h-specifically 4 h of sensory
block and 3 h of motor block. It also decreased the mean time onset for these blocks
by 8-9 min. The optimal dose of perineural dexmedetomidine providing the longest
sensory blockade with minimal adverse effects is 50-60 mcg [125]. Some adverse
effects of dexmedetomidine to keep in mind are bradycardia, hypotension, and exces-
sive sedation.

7.10 Intravascular and perineural dexamethasone

Dexamethasone is a long-acting glucocorticoid with minimal mineralocorticoid
activity. It works as an anti-inflammatory by inhibiting cyclooxygenase-2 and
prostaglandins. When administered perineurally, it is thought to increase inhibitory
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potassium channels, leading to decreased excitability and neuronal transmission in
nociceptive unmyelinated C fibers responsible for pain [120]. Dexamethasone can be
administered intravenously or perineurally to reduce postoperative pain and opioid
consumption. Both routes as adjuncts have shown to prolong analgesia duration by
approximately 6 h compared to the control group with no adjunct [125, 126]. In an
meta-analysis testing the efficacy of perineural versus intravenous in brachial plexus
blocks, the perineural route prolonged the duration of analgesia, sensory block, and
motor block by approximately 132 min, 210 min, and 219 min respectively compared
to intravenous dexamethasone [127]. Although perineural administration led to pro-
longed duration of action, many still recommend using IV dexamethasone at 0.1-
0.2 mg/kg in patients undergoing moderate or severe surgeries because of its lower
rates of PONV [128-130]. Discussion about the optimal dose for dexamethasone is
still ongoing; some studies showed that perineural dexamethasone at high doses have
no advantage but carry increased risk compared to lower doses. A randomized trial
comparing 2, 5 and 8 mg perineural dexamethasone in infraclavicular blocks found
similar durations of sensorimotor block [131]. Therefore, higher doses of perineural
dexamethasone are no longer recommended. More studies to investigate the most
effective dose for perineural dexamethasone are necessary.
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Chapter 4
Complications in Spinal Anesthesia
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Abstract

The justification of this chapter is based on knowing the neurological complications
that can be triggered during or after spinal anesthesia since it is one of the most
performed procedures in anesthesiology, the main objective is to make a chapter with
the most described complications in spinal anesthesia. What are the complications
of spinal anesthesia? What complications have been described during the procedure
or during its postoperative recovery? The spinal anesthesia technique is a necessary
procedure to perform a surgical intervention whose objective is to temporarily block
the brain’s ability to recognize painful stimuli. Knowing possible complications that
can occur during spinal anesthesia or in the postoperative period allows for early
diagnosis and treatment. Complications in anesthesia can be clinically manifested
by headache, gluteal pain that radiates to the lower limbs, neuropathy, severe pares-
thesia, among others, and can generate reversible and irreversible disabling lesions
depending on their mechanism of injury.

Keywords: complications, adverse effects, mortality, spinal anesthesia, care
postoperative

1. Introduction

The theme addressed is of great importance for the field of anesthesiology; spinal
anesthesia is an invasive technique necessary for regional blockages and is one of the most
carried out in surgical interventions, so that recognizing the pathophysiology of neuro-
logical damage, diagnosing and treating the complications that may occur the question
that starts this chapter What are the neurological complications of spinal anesthesia?

Spinal anesthesia is a technique widely used for its efficacy and safety, and it is also
known as spinal, subarachnoid, intradural, or intrathecal anesthesia. It is characterized
by the administration of an anesthetic in the subarachnoid space that is located between
the pia mater and arachnoid meninges in order to generate a sequential block in the
nerve fibers. The neurological complications of spinal anesthesia are of great impor-
tance in anesthesiology because some can be serious and be due to multiple previous
patients, pharmacological, and genetic factors that can intervene in the complications,
as it is a technique widely used in surgery and anesthesiology. When it is necessary to
perform a surgical intervention whose objective is to interrupt the connection between
the peripheral nervous system and the brain, spinal anesthesia is used to block painful
stimuli. This technique and its complications recognize them and immediately treat the
complications that occur during or after the anesthetic act [1].
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Nerve injury related to the block is a disabling complication of spinal anesthesia,
usually seen during the surgical procedure, postoperatively, and some patients may
require an intensive care unit. This technique is a procedure used for interventions on
the lower extremities, hip, perineum, lower abdomen, and lumbar spine [2].

2. Pathophysiology of neurological complications

Physiopathologically, there are multiple complications of neurological origin that
can arise after spinal anesthesia. To do this, we must know the three mechanisms by
which a peripheral nerve can suffer an injury [3].

* Mechanical or traumatic injury
* Vascular or ischemic injury
* Chemical or neurotoxic injury

The mechanical injury of the nerve can be due to contact between the needle
and the nerve [4], causing direct trauma to the nerve, rupture of the perineurium,
loss of the protective environment within the fascicle with myelin, and consequent
axonal degeneration. The location of the needle tip during anesthetic injection plays
a crucial role in the severity of nerve injury; needlestick injuries during puncture can
cause nerve injury by several mechanisms [5].

Damage to the nerve vasculature during blocks can cause local or diffuse ischemia
from direct injury or acute occlusion of the arteries or from hemorrhage within a
nerve sheath [6].

Local anesthetics and adjuncts reduce neural blood flow depending on the agent
and their concentration, for example, epinephrine reduces neural blood flow to a
greater extent than local anesthetics alone and has the potential to cause local vaso-
constriction [7].

Chemical nerve injury results from tissue toxicity of injected solutions (e.g., local
anesthetics, alcohol, or phenol) or their additives. The toxic solution can be injected
directly into the nerve or into adjacent tissues, causing an acute inflammatory reac-
tion or chronic fibrosis involving the nerve [8].

The neurotoxicity of local anesthetics has been done in in vitro models, particu-
larly with intrathecal application. There is evidence that almost all local anesthetics
can have myotoxic, neurotoxic, and cytotoxic effects in various tissues under certain
conditions; however, local anesthetics vary in their neurotoxic potential [9].

In mechanisms of neurological damage, the main determinant of the prognosis is the
residual integrity of the axons, and the severity of the lesion is classified according to
the degree of axonal interruption in neuropraxia, axonotmesis, and neurotmesis [10].

Among the factors that influence neurological injury are surgical factors [11].

2.1 Surgical positioning

Neurological complications occur as a result of patient positioning for surgical
procedures (Figures 1 and 2), and these include traction, transection, compression,
contusion, ischemia, and stretch [12]. Nerve roots are more susceptible to traction and
compression because they lack epineural and perineural tissue; however, the dorsal and
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Figure 1.
Description: Lithotomy position. Source: Dv. Maria Fernanda Calderén Leon.

Figure 2.

Description: Transvaginal hysterectomy surgical procedure plus anterior and posterior colpoperioneoraphy, a
procedure that lasts about 2 to 4 hours, keeping the patient in the same position. Source: Dv. Maria Fernanda
Calderdon Leon.

ventral roots of the spinal nerves are protected from lateral traction by the wedge of a
cone of dura mater that surrounds the spinal-root nerve complex at the intervertebral
foramen [13].

A history of preoperative neurologic deficit places a patient at increased risk of
neuronal injury and can result from several mechanisms: entrapment, metabolic,
ischemic, toxic, and demyelinating. Patients with preexisting pathology of the spinal
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canal have a higher incidence of neurological complications after neuraxial blockade
than patients without such pathology. Lumbar disc injuries increase the risk of neuro-
logical complications of spinal anesthesia [14, 15].

3. Types of neurological complications of spinal anesthesia

68

Postspinal puncture headache is the most common complication of spinal
anesthesia and may be accompanied by chest pain, neck pain, and depression.
Management includes early recognition, admission for analgesic management,
and neuroimaging studies to rule out other pathologies [16, 17].

Pneumocephalus is characterized by postsurgical neurological signs such as
headache, neck stiffness, altered level of consciousness, or respiratory depres-
sion in the most severe cases [18].

Cauda equina syndrome as a complication may occur and is characterized by
bilateral weakness and pain in the lower extremities after the anesthetic act. This
may indicate transient or persistent neurological damage due to involvement of
the cauda equina of the spinal cord, and it may be asymmetric with a unilateral
deficit and present after neuraxial anesthesia, which may complicate the postop-
erative period and require additional studies such as electromyography, tomogra-
phy, or magnetic resonance imaging and multidisciplinary management [19-21].

Hypotension during the intraoperative phase of spinal anesthesia may compli-
cate preexisting coronary artery disease, worsen prior mental decline, or precipi-
tate stroke [22].

A reversible pathology is the transient neurological syndrome that is clinically
manifested by gluteal pain that radiates to the lower limbs, neuropathy, and
severe paresthesia is transient with recovery after neurorehabilitation, patients
recover functionality [23].

Spinal hematomas account for 8% of neuraxial anesthesia complications.
Subdural hematoma, epidural hematoma, may require surgical management,
after which symptoms can resolve [24].

Cerebral venous thrombosis and cerebral ischemia comprise two catastrophic
complications; cases of this complication following spinal anesthesia have been
described and generate high mortality [25].

toxic or infectious encephalomyelitis after spinal anesthesia can cause symptoms
characterized by neurological deterioration, facial paralysis, cranial nerve III
paralysis, paraplegia, and cerebral edema in diagnostic studies such as brain
tomography [26].

The cases of myelitis, myelinolysis (Figure 3), are infrequent; they are observed
in the immediate postoperative period with a new deficit or lack of neurological
recovery measured by the anesthetic recovery scales, the spinal cord damage is
only observed in the magnetic resonance (MRI) of the spinal cord or altered MRI
of the brain in cases of myelinolysis [27].
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Figure 3.

Source: Javier Aquiles, Hidalgo Acosta. Description: Myelinolysis.

Author Complication Management Recommendation Diagnosis
Vallejo Postdural puncture Nonopioid Spinal needles of CT, MRI
M, etal headache analgesics, opioids, “pencil tip” design

supine position, that do not cut

Follow-up the first

24-48h
Ahmad Pneumocephalus Analgesia, 40-100% Pneumocephalus CT
M, etal. oxygen, supine requires immediate

position surgical intervention
Merino Cauda equina Pregabalin, Early detection Lumbar MRI
W, et al. syndrome tramadol, and treatment of

dexamethasone, complications after

methylprednisolone neuraxial anesthesia
Lacassie Epidural infection, Antibiotic therapy Use sterile cap, mask, Lumbar puncture
H, etal. Postmeningeal for Staphylococci and gloves, and and study of

puncture sp., Staphylococcus perform skin asepsis cerebrospinal fluid
Meningitis aureus, Viridans with chlorhexidine

Streptococcus, prior

Pseudomonas

aeruginosa,

Alpha-hemolytic

Streptococci
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Author Complication Management Recommendation Diagnosis
Freire F, Cauda equina Corticosteroids, Perform a thorough Axial tomography
etal Syndrome gastric mucosa history and complete computerized
protectors and evaluation to rule out lumbosacral spine
rehabilitation, external causes Column nuclear
carbamazepine, and magnetic
amitriptyline Resonance
lumbosacral, motor
sensory conduction
velocity in lower
limbs
Hewson Peripheral nerve Objectives: Nerve localization Further
D, etal. injury 1. correct the under- methods, the timing investigation of
lying pathology; of blocks, needle possible causes of
2 alleviate the tecl:lniql:le.S an.d nerve injury should
symptoms; design, injection be conduct.ed by
pressure control, and aneurologist and
3.support, reassure choice of local and neurophysiologist
and inform the adjunctive anesthetic
patient
Epstein Intracranial Clinical - surgical Detect potential MRI of the brain,
N hypotension, neurological risks/ spine, CT of the
subdural complications/ brain and spine
hematomas, and adverse events
double vision/
cranial nerve palsy
Russell Cerebral vein Headache treatment Adequate follow-up CT and MRI of the
R, etal. thrombosis and after discharge brain
death
ArceD, Toxic Intravenous Neurorehabilitation, Brain CT
etal. encephalomyelitis betamethasone admission to the
atarate of 24 mg intensive care unit
on the first day,
with progressive
reduction. The
patient was
maintained with

8 mg intravenous for
2 months, associated
with physiotherapy

sessions

Source: Javier Aquiles, Hidalgo Acosta.

Table 1.

Complications of spinal anesthesia, diagnosis, management, and recommendation.

Description: The (Table 1) represents complications of spinal anesthesia that can
be mild or severe, the diagnosis, treatment, and the recommendations of the authors
for the management of complications of spinal anesthesia.

4, Conclusions

This review maintains the intended significance as it provides practical knowledge
of the possible complications that may arise during the performance of this invasive
spine technique.
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Neurological complications in anesthesia can be mild, such as headache, transient
a paradigm neurological syndrome is clinically manifested by gluteal pain that radi-
ates to the lower limbs, neuropathy, and severe paresthesia, among others; serious
complications can be fatal. It is important to be aware of complications.

The pain reported by the patient when advancing the needle or injecting the
medication may indicate the placement of the needle at the intraneural level, so the
injection must be stopped.

Patients with preexisting pathology of the spinal canal have a higher incidence
of neurological complications after neuraxial blockade than patients without such
pathology.

Complications can be due to multiple factors, all of which can be responsible for
neurological complications. Blockade-related nerve injury remains one of the most
common disabling complications.
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Chapter 5

Regional Anesthesia for Cardiac
Surgery

Sarah Smith, Kaya Sarier, Richard Yeom and lan Choe

Abstract

Cardiac surgery is associated with significant postoperative pain, regardless of
surgical approach. Median sternotomy and thoracotomy are particularly traumatic,
resulting in pain that typically lasts weeks and may lead to chronic pain syndromes.
Even newer minimally invasive procedures involving mini-thoracotomy and other
smaller incisions are not pain-free, while the presence of chest tubes also causes
significant discomfort. Uncontrolled pain following cardiac surgery contributes to
adverse outcomes, particularly pulmonary complications and prolonged lengths of
stay. Intravenous opiates alone or in combination with other sedatives are imperfect
solutions to this problem as they are associated with excess sedation, nausea, vomiting,
pruritis, delirium, constipation, and dependence. In recent years, regional anesthesia
techniques have increasingly been utilized for cardiac surgery as part of enhanced
recovery after cardiac surgery pathways. In many cases, techniques that were devel-
oped for other surgical procedures, particularly breast surgery, have been applied
to the cardiac surgical population with favorable results. However, many practicing
cardiac anesthesiologists have limited experience with these regional anesthesia
techniques, so implementing them into clinical practice effectively can be challeng-
ing. This chapter aims to address this gap by reviewing the evidence, techniques, and
applicability of the regional anesthesia approaches appropriate for cardiac surgery
patients.

Keywords: post-sternotomy pain, post-thoracotomy pain, enhanced recovery after
cardiac surgery, regional anesthesia techniques, ultrasound guided nerve blockade

1. Introduction

Effective pain management is crucial in cardiac surgery to optimize patient out-
comes and reduce postoperative complications. Cardiac anesthesia has significantly
changed over the last 50 years, evolving from earlier techniques that utilized high
doses of opiates and other narcotics to a more balanced approach that incorporates the
principles of enhanced recovery after cardiac surgery (ERACS). This review aims to
provide a comprehensive overview of the regional anesthesia techniques currently in
use for cardiac surgeries, including median sternotomy, thoracotomy, and minimally
invasive approaches. The relevant anatomy, technique, and pharmacology for each
regional technique will be described as well as their clinical applications, complica-
tions, and contraindications. The techniques will be described in anatomical order,
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centrally to peripherally, beginning with neuraxial approaches and ending with the
most peripheral parasternal nerve blocks.

2. Neuraxial techniques

Spinal and epidural anesthesia and analgesia techniques involve administering
local anesthetics, with or without adjuvant medications, into either the subarachnoid
or epidural space, respectively, providing potent sensory, motor, and sympathetic
depression in the region of the block. The use of neuraxial techniques in cardiac
surgery has been controversial due to the potential for hemodynamic instability and
the concern for spinal or epidural hematoma [1]. However, evidence suggests that
appropriate use of these techniques has numerous advantages, including improved
patient outcomes and healthcare cost savings [2].

2.1 Anatomical considerations

The spinal cord is protected by the cervical (C1-7), thoracic (T1-12), and lumbar
vertebrae (L1-5) and is encased by three membranes: the dura, arachnoid, and pia
mater. The dura encases the brain, spinal cord, and the spinal nerve roots, which are
suspended in cerebrospinal fluid. The location of the caudal end of the spinal cord,
or conus medullaris, is somewhat variable between individuals, usually terminating
at the level of L1 or L2 in adults and L3 in children. Therefore, spinal anesthesia is
usually performed at the level of L3/4 or L4/5 to avoid damage to the spinal cord.
Intrathecally injected local anesthetics exert their effects directly on the spinal cord
and the emerging spinal roots, providing potent nerve blockade with relatively small
doses of local anesthetic [3].

The epidural space surrounds the dura from the foramen magnum to the sacrococ-
cygeal ligament and is defined by the ligamentum flavum posteriorly, the vertebral
pedicles laterally, and the posterior longitudinal ligament anteriorly. It contains fat,
epidural blood vessels, lymphatics, and the spinal nerve roots. Local anesthetics
injected into the epidural space exert their effects at these nerve roots and on the spi-
nal cord itself via diffusion through the dura [4]. For this reason, much larger doses
of local anesthetics must be administered to achieve the desired effect compared
to intrathecally injected medications. However, this also allows epidural anesthesia
to be more easily titrated to a desired level of sensory or motor blockade. Further,
because epidural anesthesia does not involve puncture of the dura, there is little risk
of direct spinal cord trauma, and the technique can be applied anywhere from the
mid-thoracic to the lower lumbar regions [5].

2.2 Epidural anesthesia and analgesia

Thoracic epidural anesthesia has been used to augment general anesthesia and pro-
vide postoperative pain control in the cardiac surgery population for more than 20 years.
A large meta-analysis of 51 randomized clinical trials found that compared to general
anesthesia alone, thoracic epidural anesthesia decreased ICU length of stay (LOS),
hospital LOS, and time to extubation. Statistically significant improvements in pain
scores, pulmonary complications, arrhythmias, transfusion requirements, and delirium
were also identified [6]. Other contemporary meta-analyses have yielded similar findings
[7, 8], with one of these also finding a modest decrease in mortality [7].
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Recently, neuraxial blockades have been gaining attention in pediatric cardiac
surgery [9]. Compared to general anesthesia alone, caudal anesthesia may provide
superior pain control [10]. Caudal anesthesia has also been shown to decrease intra-
operative opioid usage [11], decrease the time to extubation, and reduce hospital
LOS [12]. However, there have been conflicting reports in the literature regarding
the potential for hemodynamic instability following caudal anesthesia in pediatric
patients undergoing cardiac surgery [10, 13, 14].

2.2.1 Technique

Thoracic epidural catheters may be inserted using either a midline or paramedian
approach. In the midline approach, the epidural needle (typically a 17 or 18G Touhy)
is inserted into the middle of the patient’s back between two spinous processes. The
needle is advanced through the supraspinous ligament and interspinous ligament.
Once the needle has reached the interspinous ligament, the stylet is removed and a
syringe is attached to enable the detection of loss of resistance to air, saline, or both,
which represents penetration of the ligamentum flavum and identification of the
epidural space.

For the paramedian approach, the epidural needle is introduced 1 centimeter
lateral and 1 centimeter caudad to the inferior portion of the superior spinous process.
The needle is advanced until the lamina of the vertebral body below is encountered.
The needle is then directed 15-20° medially before advancing cephalad such that the
needle “walks off” the lamina until the ligamentum flavum is encountered. A loss of
resistance technique is then used as in the midline approach.

The paramedian approach may be a better option for patients who cannot flex
their spine or when midline approaches are unsuccessful. For the midline approach in
the thoracic region, the epidural needle must take a steeply angled trajectory parallel
to the direction of the spinous processes. For this reason, some practitioners prefer
the paramedian approach for thoracic epidurals [15]. The paramedian approach can
also be facilitated by real-time ultrasound guidance [16] and may be associated with
less procedure-related back pain compared to the midline approach [17].

The caudal approach to the epidural space is used frequently in pediatrics. The
epidural space is accessed through the sacral hiatus, which is a foramen formed by the
nonunion of the fifth sacral vertebral body. To perform a caudal block, the patient is
positioned either lateral or prone and the sacral hiatus is identified as the apex of an
equilateral triangle formed together with the superior inferior iliac spines. The bony
processes, called the sacral cornua, on either side can also be palpated to identify the
space. The epidural needle is inserted at a 45° angle directed cephalad until a popping
sensation is felt as the needle pierces the sacrococcygeal membrane. The needle is then
flattened until it is nearly parallel to the plane of the skin and advanced into the sacral
canal until loss of resistance is encountered [18].

2.2.2 Complications and contraindications

Any patient with a spinal cord injury, epidural or spinal cord hematoma, intra-
cranial hypertension, or vertebral fracture is not a candidate for neuraxial anesthesia
due to a high risk of neurological complications [1]. Patient refusal, bacteremia, and
infection at the insertion site of the epidural needle are also absolute contraindica-
tions [19]. Patients with coagulopathic disorders such as hemophilia should not
receive neuraxial anesthesia due to the increased risk of epidural or spinal hematoma.
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Generally, a platelet count of less than 50,000 per microliter or an INR greater than
1.5 is also considered absolute contraindications [1].

Because many cardiac surgery patients are maintained on anti-platelet and other anti-
coagulant agents, it is important to observe the American Society of Regional Anesthesia
and Pain Management guidelines regarding how long these drugs should be discontinued
before neuraxial anesthesia and when it is safe for them to be resumed post-procedure
[20]. Many cardiac anesthesiologists have been reluctant to incorporate epidural anes-
thesia into their practice because of a concern that systemic heparinization required for
cardiopulmonary bypass increases the risk of epidural hematoma, a devastating compli-
cation that can lead to permanent paralysis. The literature is unclear regarding exactly
how high this risk is in the cardiac population, with some authors finding that the rate
may be as high as 1in 3552 [7], while others have estimated the value as 1in 12,000, a rate
similar to that observed in the non-obstetric non-cardiac surgery population [21].

2.3 Spinal anesthesia and analgesia

The use of spinal anesthesia in cardiac surgery has been limited, however, authors
from one center have reported using bupivacaine and opiates intrathecally to aug-
ment general anesthesia in over 10,000 cardiac surgery patients. They also reported
no incidents of spinal hematoma and favorable pain control [1]. Another group
found intrathecal morphine administered prior to minimally invasive cardiac surgery
decreased visual analog pain scores and intravenous opiate usage post-operatively
[22]. A meta-analysis of intrathecal morphine compared to general anesthesia alone
in cardiac surgical patients also found decreases in pain scores and post-operative
opiate use at the expense of increased pruritis [23].

2.3.1 Technique

The intrathecal space may be accessed using either a midline or paramedian
approach, as described above for epidural anesthesia. Unlike the epidural technique,
a much smaller needle (typically a 25-27G cutting or pencil point needle) is used to
deliberately pierce the dura until free-flowing CSF is observed to exit the needle.
After this, the desired amount of local anesthetic or adjuvant medication is injected
into the subarachnoid space [3].

2.3.2 Complications and contvaindications

Contraindications to spinal anesthesia are similar to those for epidural anesthe-
sia, including patient refusal, coagulopathy, neurologic dysfunction, intracranial
hypertension, local skin infection, and bacteremia. Unlike epidural anesthesia via
a catheter, in which local anesthetic can be introduced gradually into the epidural
space, spinal anesthesia requires that these agents be injected as a single shot. This can
have more profound and abrupt changes in hemodynamics and may not be tolerated
by patients who are dependent on the maintenance of preload or blood pressure, such
as those with severe aortic stenosis.

While spinal anesthesia also confers a risk of neurologic damage from hematoma
formation, this risk is substantially less than that for epidural anesthesia [24]. Because
spinal anesthesia necessitates a puncture of the dura, there is also a risk for post-
dural puncture headache of up to 25%, however, the incidence in the cardiac surgical
population is not well established.
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3. Posterior thoracic wall blocks

The thoracic paravertebral plane block (PVB) and erector spinae plane block
(ESPB) with or without catheter placement have emerged as potential options for
providing effective analgesia following cardiac surgery, particularly those performed
via thoracotomy such as thoracic aneurysm repair, mitral valve procedures, and
minimally invasive cardiac surgery procedures.

3.1 Anatomical considerations

The PVB involves the injection of local anesthetic into the paravertebral space
(PVS), which is located just anterior to the transverse process and lateral to the
vertebral bodies. It is a triangular space bounded by the superior costotransverse
ligament, the vertebral body, and the pleura. This space contains the paravertebral
sympathetic chain, intercostal nerve roots, and associated blood vessels (Figure 1).
The block targets the spinal nerves as they emerge from the intervertebral foramina
before they split into the ventral and dorsal rami, as well as the thoracic sympathetic
nerves which mediate visceral pain. This makes the PVB more complete compared
with other chest wall blocks with an area of analgesic distribution that makes it
appropriate for a variety of thoracic procedures, including sternotomy. Just posterior
to the paravertebral space is the retro-superior costotransverse space (RSCTS). This
is bounded by the superior costotransverse ligament, the transverse process and the
erector spinal muscle. There are communications between the RSCTS and the PVS, so
injectate administered in the RSCTS will reach the PVS as well [25].

The ESPB, on the other hand, involves injection of local anesthetic into the erector
spinae muscle plane which is located lateral to the transverse process of the vertebrae.
The local anesthetic spreads along this fascial plane, acting on the dorsal and ventral
rami, blocking the posterior and lateral cutaneous intercostal nerves. Some of the
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Figure 1.
The anatomy of the paravertebral space (green). PVS: paravertebral space; SCTL: superior costotransverse
ligament; and DRG: dorsal root ganglion.
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injectates may penetrate the paravertebral space, potentially blocking multiple levels
of spinal nerves, although not as densely as the PVB. While a T2-10 block is possible
with the ESPB, the distribution is highly variable in clinical practice [26].

3.2 Paravertebral block

Unilateral PVB has been shown to improve patient outcomes for a variety of tho-
racic procedures, including thoracic aneurysm repair. Bilateral PVB for sternotomy
has also been shown to decrease the time to extubation and the need for intra- and
post-operative intravenous opiates in both adults and children [27].

3.2.1 Technique

The PVB is typically performed at the level of the surgical incision or one or two
vertebral levels above and below the surgical site, depending on the dermatomal
distribution of the surgical field. Although originally described using a loss of resis-
tance technique [28], real-time ultrasound guidance has now become the standard
approach. The anatomy is best visualized using a linear or curvilinear ultrasound
probe in the parasagittal orientation 2.5 cm lateral to the spinous process (Figure 2).
The block may be performed with the patient in a sitting, lateral, or prone position.
The injection is usually performed in-plane, and the needle may be directed either
cranially or caudally [29].

The PVB can also be performed with the ultrasound probe in the transverse orienta-
tion, and the PVS identified by identifying the transverse process and then scanning
either cranially or caudally [30]. One cadaveric study found this approach was slightly
less successful than the parasaggital approach [31]. With either technique, the needle
should be placed anterior to the superior costotransverse ligament, and a 3 mL test dose
administered demonstrating anterior displacement of the pleura [29]. The dosage of local
anesthetic for a single injection is 20-25 mL or 4-5 mL per level, and for catheter place-
ment, a continuous infusion of local anesthetic at 0.1-0.2 mL/kg/h is often used [32].

Caudal Cranial Cranial

Figure 2.

(A) Ultrasound image for ESPB or PVB. (B) Labeled ultrasound image showing proper needle trajectory and
injection site for the ESPB (blue arrow) and PVB (ved arrow). ESM: evector spinae muscle; TP: transverse
process; SCTL: superior costotransverse ligament; PVS: paravertebral space; and ICM: intercostal muscle.
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3.2.2 Complications and contvaindications

Because of the proximity to the spine, rare complications of the PVB can include
epidural or spinal hematoma or infection. If a catheter is placed, this is more likely
if the catheter is advanced more than 3-4 cm beyond the needle tip. Pneumothorax
is also possible, and the risk is minimized with proper use of ultrasound. More
common reactions include hemodynamic instability due to sympathetic blockade,
which is more likely to occur after a bolus of more concentrated preparations of local
anesthetic. The overall risk of adverse effects is roughly 5% [33]. However, a recent
meta-nalysis of PVB compared to thoracic epidural for open thoracotomy, found that
while analgesia was similar between the two techniques, PVB was associated with less
nausea, vomiting, urinary retention, and hypotension [34].

3.3 Erector spinae plane block

The ESPB can be used either as a single-shot or continuous catheter-based tech-
nique for either preemptive or rescue analgesia for patients undergoing thoracotomy
or other thoracic surgery. Some studies, including those on cardiac surgery patients,
have found equal analgesic benefits when compared to PVB, but with a lower risk of
hypotension, bradycardia, and hematoma [35, 36].

3.3.1 Technique

The ESPB is typically performed at the level of the surgical site or one or two
vertebral levels above or below the surgical field, depending on the spread of the local
anesthetic needed. The ultrasound probe should be oriented in the parasagittal plane
approximately 2.5 cm lateral to the spinous process similar to probe placement for
the PVB (Figure 2). It may be possible to identify the three overlying muscle layers:
the trapezius, rhomboid, and erector spinae. The needle should be directed in-plane
either cranially or caudally with injectate directed just deep to the erector spinae
muscles. If correctly placed, the injectate should demonstrate lifting of the erector
spinae muscle off transverse process [37].

3.3.2 Complications and contraindications

The risk of complications with the ESPB is thought to be low, but pneumothorax,
and motor blockade, have been reported [38-40]. Like the PVB, there is a rare but
potential risk of neurologic complications, including epidural or spinal hematoma.
However, this risk is less than with PVB because of the more lateral point of needle
insertion away from the spinal cord. Sympathetic blockade may also be observed
resulting in hypotension. While either the PVB or the ESPB can be expected to cover
4 dermatomes if 30 ml of local anesthetic is used, the distribution and degree of
coverage are more variable and less complete with the ESPB.

4, Lateral chest wall blocks

The lateral chest wall blocks are relatively new techniques, only coming into
use within the last decade. Although ineffective in providing analgesia for median
sternotomy, these blocks can be useful for procedures involving incisions of the lateral
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chest, including thoracotomies and newer minimally invasive approaches to coronary
bypass [41]. The pectoralis nerve block type I (PECS I), pectoralis nerve block type II
(PECS II), and serratus anterior plane block (SAP) all achieve analgesia by blocking
the intercostal and pectoral nerves at different points along the chest wall [42-44].

4.1 Anatomical considerations

The sensory innervation of the anterior and lateral chest wall is mainly carried by
the intercostal nerves (T1-T11). After exiting the vertebral foramen, each thoracic
spinal nerve travels anteriorly via ventral rami. Initially, the ventral rami travels
between the innermost intercostal muscle and the internal intercostal muscle. As the
intercostal nerve reaches the midaxillary line, the lateral cutaneous branch crosses the
intercostal and serratus anterior muscles, providing sensory innervation to the lateral
chest wall. The rest of intercostal nerve continues to course toward the sternum and
pierces the internal and external intercostal muscles as well as the pectoralis major
muscle, providing sensory innervation to the anterior chest wall via the anterior
branch [45]. The sensory innervation to the lateral chest wall is also supplied by the
branches of the brachial plexus, most notably the lateral pectoral nerve [46].

4.2 Pectoralis nerve block type I and II

The PECS I block was first described by Blanco in 2011 as an effective post-
operative analgesia block for patients undergoing breast surgery [42]. It is an inter-
fascial plane block in which local anesthetic is injected between the pectoralis major
and pectoralis minor at the level of the third rib [45]. The PECS I aims to block the
medial and lateral pectoral nerves which are branches of the brachial plexus. These
two nerves mostly provide motor innervation; however, the lateral pectoral nerve
also provides sensory innervation to the anterolateral chest wall. The distribution of
analgesic coverage provided by PECS I depends on the location of the injection of
local anesthetic. If injected more medially, the local anesthetic can spread toward the
midline, providing anterior chest wall coverage by blocking the anterior intercostal
nerve branches [47].

The PECS II block, introduced a year after PECS I, targets a deeper fascial plane
between the pectoralis minor and serratus anterior, blocking the anterior divisions of
the thoracic intercostal nerves from T2-T6, the long thoracic nerve, and the thora-
codorsal nerve [43]. The coverage of the anterior cutaneous intercostal nerves pro-
vides more anterior chest wall coverage compared to PECS I [48]. As a result, PECS
Il is rarely performed in isolation and is instead used in addition to PECS I such that
analgesic coverage is provided to the anterior and lateral portions of the chest wall.

The PECS I and II blocks are used widely for patients undergoing breast surgery
and there is a limited body of evidence supporting their use in thoracotomies and
video-assisted thoracic surgeries, often in combination with the SAP block [49]. One
randomized controlled trial (RCT) of 100 adult patients undergoing cardiac surgery
via thoracotomy demonstrated the superiority of both the PECS II and SAP blocks
compared to intercostal nerve blocks in terms of reduced need for fentanyl rescue and
improved visual analog scale (VAS) scores at 8, 10, and 12 hours [50]. These inves-
tigators also reported similar findings in a pediatric population undergoing thora-
cotomy for cardiac surgery [51]. There are also reports of the PECS II block being used
either alone or in combination with general anesthesia for cardiac device implantation
and transcatheter cardiac procedures [49]. While several groups have reported using
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PECS I and II blocks either alone [52] or in combination with parasternal blocks [53]
for post-sternotomy analgesia, there is only one RCT of 40 adult patients showing
superior analgesia and decreased opioid requirements compared to patients receiving
systemic opioids [48].

4.2.1 Technique

The PECS I and II blocks are performed under ultrasound guidance. The patient
is positioned supine with the ipsilateral arm either beside the chest or abducted at a
90° angle. With the probe in the parasagittal plane, the subclavian vessels are identi-
fied along with the second rib. The probe is then moved inferiorly to the level of the
third rib where the pectoralis major and minor muscles are identified. Once the pane
between the pectoralis major and minor is identified, the needle is inserted into the
plane using an in-plane technique, and the local anesthetic is injected at the inter-
fascial plane between the two muscles [42].

When performing both blocks, PECS II is usually performed first with the injec-
tion of local anesthetics between pectoralis minor and serratus anterior (Figure 3).
The needle is, then, withdrawn to the fascial plane between pectoralis major and
pectoralis minor for PECS I block [43].

4.2.2 Complications and contraindications

PECS I & II are considered very safe blocks with the very low rate of complica-
tions. Possible complications associated with PECS I & II include injury to the thora-
coacromial artery, hematoma, infection, pneumothorax, intravascular injection, and
local anesthetic systemic toxicity (LAST) [41].

4.3 Serratus anterior nerve plane block

The SAP block was the third chest wall fascial block described by Blanco and
colleagues in 2013. In comparison to PECS II, SAP block has more inferolateral level of
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Figure 3.

(A) Ultrasound image for PECS I and II block. (B) Labeled ultrasound image showing proper needle trajectory
and injection site for the PEC I (blue arrow) and PEC II (ved arrow). SAM: servatus anterior muscle; Pec May:
pectoralis major muscle; and Pec Min: pectoralis minor muscle.
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injection and has a wider spread, which makes it a popular choice for patients under-
going breast surgery or thoracic surgeries. The SAP block provides coverage of the
anterior, lateral, and posterior chest wall; however, it does not extend to the midline
and is, therefore, inappropriate for median sternotomy [44].

Although the lack of anterior chest wall coverage limits its use for cardiac surgery
with sternotomy, SAP block has a potential role in postoperative analgesia in cardiac
surgery patients undergoing thoracotomy incisions. Currently, there is no study
of SAP block on patients undergoing median sternotomy; however, given the wide
use of SAP block for video-assisted thoracoscopic surgery, SAP block may have a
role in patients undergoing minimally invasive cardiac surgeries that require mini
thoracotomy incisions [49]. One limiting factor is that mini-thoracotomy incisions
for minimally invasive cardiac surgery are usually located at the anterolateral chest,
which may not be adequately covered by the SAP block alone. In this case, based on
the expected coverage, PECS II block may be required to supplement the SAP block.
Likewise, if SAP block is used for patients undergoing sternotomy, it is recommended
that SAP be performed along with transversus thoracic muscle plane (TTP) or PECS
II block [54].

4.3.1 Technique

There are two fascial targets for SAP: superficial and deep. For the superficial
SAP, the local anesthetic is injected at the fascial plane between Latissimus dorsi
muscle and serratus anterior muscle. For the deep SAP block, the local anesthetic
is injected below the serratus anterior muscle (Figure 4). It is unclear whether one
technique is better than the other; however, it has been suggested that deep SAP
may have a more anterior spread of local anesthetic, thereby providing slightly more
anterior coverage [44].

As with all plane blocks, the spread is dependent on the volume of local anesthet-
ics. It is recommended that 30-40 mL of long-acting local anesthetic be injected for
adequate spread while staying under the maximum limit to prevent LAST [41].

Pleura

Figure 4.

(A) Ultrasound image for SAP block. (B) Labeled ultrasound image showing proper needle trajectory and
injection site for the deep SAP block (blue arrow) and superficial SAP block (red arrow). SAM: serratus anterior
muscle; Lat: latissimus dovsi muscle; and ICM: intevcostal muscle.
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4.3.2 Complications and contraindications

Like PECS I & II, SAP block also has a very low rate of complication. Potential
complications of SAP are similar to the complications of PECS I & II, with an addi-
tional risk of winging of scapula from the blockade of long thoracic nerve for superfi-
cial SAP as the long thoracic nerve runs on top of the serratus anterior muscle [41].

5. Parasternal blocks

Parasternal blocks are emerging techniques that can provide targeted pain relief
in the anterior thoracic wall, which is commonly incised during cardiac surgery.
Among the various parasternal blocks, pecto-intercostal fascial plane block (PIFB)
and transversus thoracic plane block (TTP) are commonly used for postoperative
pain management following median sternotomy [55]. Additionally, the subcostal
transverse abdominal plane block can be used for subxiphoid chest tube coverage
in cardiac surgery. Both the PIFB and the TTP can be used as part of a multimodal
analgesic approach in cardiac surgery to provide effective pain relief and reduce the
need for systemic opioids. They are relatively simple to perform, provide effective
analgesia and have a low risk of adverse effects. Subsequently, the European Society
of Regional Anesthesia and Pain Therapy recently added parasternal blocks to their
recommendations for managing post-sternotomy pain [56]. These blocks can be
performed preoperatively, intraoperatively, or postoperatively and they can be used
in combination with other regional anesthesia techniques, such as thoracic epidural
analgesia or paravertebral block, to achieve optimal pain control.

5.1 Anatomical considerations

To understand the parasternal blocks, it is important to review the relevant
anatomy. The thoracic wall is composed of intercostal muscles, nerves, blood vessels,
and fascial planes. The intercostal nerves originate from the anterior rami of the tho-
racic spinal nerves and course around the lateral chest wall between the internal and
innermost internal costal muscles. As the intercostal nerves approach the sternum,
they lie between the transversus thoracic muscle and the internal intercostal muscle
before piercing the external intercostal membrane as the anterior cutaneous branch
[41]. This same facial plane also contains the internal mammary artery and vein
which run on either side of the sternum. It is important to identify and avoid these
structures when performing parasternal blocks [57]. The anterior cutaneous branch
subsequently gives rise to a medial and lateral branch, providing sensory innervation
of the skin, subcutaneous tissue, and periosteum of the sternum [41].

5.2 Pecto-intercostal fascial block

The PIFB, also known as pectoral nerve block or pectoral fascial plane block,
involves injecting local anesthetic into the plane between the pectoralis major muscle
and the intercostal muscles [58, 59]. This is a superficial block, that aims for a T2-T6
sensory blockade of the anterior cutaneous nerve as it makes it way anteriorly. The
PIFB is commonly used for pain management in surgeries involving median sternot-
omy, such as coronary artery bypass grafting (CABG) or valve surgery. The PIFB has
been shown to reduce postoperative intravenous opiate consumption, improve pain
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scores and may decrease the time to extubation following sternotomy [55, 59, 60]. One
recent randomized controlled trial compared the TTP to the PIFB and found that they
were equivalent in analgesic effectiveness [61].

5.2.1 Technique

Using the ultrasound probe in the parasagittal orientation immediately lateral
to the sternum, the rib above and below the desired site of injection are identified.
The needle is directed cephalad at an angle of approximately 45° relative to the skin.
A popping sensation is often appreciable when the needle enters the facial plane
between the pectoralis major muscle and the intercostal muscle. Some practitioners
advocate aiming for the inferior surface of the superior rib and then backing the
needle back slightly to access the space (Figure 3). A test injection of saline should
result in an expansion of the space between the two muscle groups. Relatively large
volumes of local anesthetic, such as 0.25% bupivacaine or 0.2% ropivacaine, are
typically used (20-30 mL per side) to achieve a successful field block. The volume
injected can be administered at one site or divided among different intercostal levels
which may provide a better spread of local anesthetic [41, 57].

5.2.2 Complications and contraindications

The PIFB is considered a very safe block with a low rate of serious complications.
However, care must be taken to avoid inadvertent puncture of the pleura or the peri-
cardium with the block needle. Generally, the PIFB is considered lower risk compared
to the TTP block as the facial plane targeted is more superficial and further from the
pleura and pericardium [61, 62]. Sterile technique should be fastidiously maintained
to avoid infection, particularly in the setting of sternotomy as this could contribute
to sternal wound infections. However, a recent meta-analysis of 18 studies evaluating
parasternal blocks found no difference in the rate of sternal wound infections com-
pared to control [55]. Appropriate dosing of local anesthetic based on patient weight
is also important given the high volumes utilized to avoid LAST [63].

5.3 Transversus thoracic plane block

The transversus thoracic plane (TTP) block is another parasternal block technique
that targets the neurovascular plane between the intercostal muscles and the transver-
sus thoracic muscle. The transversus thoracic muscle is very thin and often difficult
to distinguish on ultrasound, such that the target area for the block usually appears
as a potential space immediately above the pleura. The TTP block is used for post-
operative pain management following median sternotomy.

5.3.1 Technique

The ultrasound is oriented in the parasagittal plane at a point somewhat more lat-
eral to the sternum than for the PIFB, typically between the fourth and fifth ribs. The
block needle is advanced in-plane at a steeper angle than that utilized for the PIFB
until the needle tip traverses the intercostal muscle and enters the space (Figure 5).
It is important to identify and avoid the internal mammary artery and vein. Local
anesthetic dosing is like the PIFB and should be injected slowly under visualization
with periodic aspiration to avoid intravascular injection.
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Pleura

Figure 5.

(A) Ultrasound image for PIFB or TTP block. (B) Labeled ultrasound image showing proper needle trajectory
and injection site for the PIFB (blue arrow) and TTP block (red arrow). ICM: intercostal muscle; and TTM:
transverse thovacic muscle.

5.3.2 Complications and contraindications

Because the TTP block is deeper than the PIFB, there is a greater risk of punctur-
ing the pleura or pericardium with the block needle. It is important to visualize
the internal mammary artery in the long axis to avoid inadvertent puncture of this
vessel or unintended arterial injection. The technique is contraindicated following
internal mammary artery harvest for coronary bypass surgery as the transversus
thoracic muscle is deroofed and the injected local anesthetic will spill into the
pleural space [57].

5.4 Transverse abdominal plane block

The transverse abdominal plane (TAP) block has gained popularity in recent years
as a component of post-operative multimodal analgesia for abdominal surgeries.
When performed in the subcostal region, the TAP block can provide coverage for the
subxiphoid chest tube insertion sites typically used for cardiac surgery. The TAP block
in this setting is typically used to augment other regional techniques, such as the
PIFB and TTP that do not adequately cover chest tube insertion sites. The TAP block
involves the injection of local anesthetic between the internal oblique and transverse
abdominus muscle and blocks the anterior cutaneous nerves of the T6-T9 dermatome.

5.4.1 Technique

The ultrasound is positioned in the transverse plane immediately caudal to the
costal margin on the anterior axillary line. The needle is inserted medial to the
probe and is advanced laterally in plane through the rectus abdominus or the linea
semilunaris until the space between the transverse abdominus and internal oblique
is accessed. Like most other plane blocks, typically large volumes of local anesthetics
are used for the subcostal TAP block to achieve adequate distribution. It is important
select concentrations and dosages of local anesthetics that do not exceed established
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safety limits as the subcostal TAP block for cardiac surgery is usually performed in
conjunction with the PIFB or TTP block.

5.4.2 Complications and contraindications

TAP blocks have been used widely for approximately 20 years and have an excel-
lent safety record. Inadvertent puncture of abdominal viscera is possible but occurs
infrequently if ultrasound guidance is used appropriately. Avoidance of LAST
through careful consideration of drug dosages and concentrations is important if the
block is performed in conjunction with other regional anesthesia techniques.

6. Conclusion

While the approaches to cardiac surgery were once limited to median sternotomy
and thoracotomy, recently surgeons have expanded the use of minimally invasive
and percutaneous approaches. However, cardiac surgery continues to be associated
with significant postoperative pain which if left uncontrolled can be an impediment
to patient recovery. The shortcomings of opiates in mitigating postoperative pain
in cardiac surgery patients are many, and anesthesiologists are increasingly utiliz-
ing regional anesthesia techniques to reduce the use of these drugs. This review has
described the major regional anesthesia techniques being implemented in cardiac
surgery patients today, including the contemporary evidence supporting their use.

There is no “one-size-fits-all” approach to regional anesthesia in the cardiac
patient, and the specific technique or techniques utilized should depend on the site of
the surgical incision, patient factors, and the technical repertoire of the anesthesiolo-
gist in question. Institutional factors should also be considered. For example, imple-
menting catheter-based techniques would be unwise if there is not a multidisciplinary
team in place to manage the catheters postoperatively. Similarly, integrating regional
anesthesia techniques into clinical workflow can be challenging, and should consider
the institutional resources available. While some centers rely on cardiac anesthe-
siologists performing these blocks themselves in the operating room, others have
found utilization of a “block team” and pre-operative or post-operative timing of the
regional anesthesia procedure to be the most efficient option. Regardless of logistical
hurdles, integrating regional anesthesia into the care of cardiac surgical patients has
the potential to improve patient outcomes and achieve cost savings for the hospital by
reducing length of stay and postoperative complications.
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Chapter 6

Teaching Regional Anesthesia:
Current Perspectives

Sandra Ximena Jaramillo-Rincon, Juliana Maria Galdn Giraldo
and Mavia Alejandra Morales

Abstract

Regional anesthesia is an essential component of modern anesthesia practice, and
there have been several changes in regional training methods in recent years. Effective
anesthesia instructors must possess both clinical expertise and practical teaching skills.
In order to ensure that future generations of anesthesia providers receive high-quality
education and training, it is essential to train anesthesia instructors in the latest educa-
tional techniques and technical skills. This chapter aims to provide practical resources
and tools for effectively training anesthesia providers in anesthesia programs. These
may include simulation-based training models, online educational modules, peer-to-
peer mentoring programs, hands-on workshops, and, finally, effective feedback.

Keywords: regional anesthesia, medical education, training, workplace-based
assessment, entrustable professional activities

1. Introduction

The high demand for regional anesthesia in adults and children in the last 20 years
has represented one of the most critical global changes in anesthesia [1-3]. The
advantages, in medical quality and socioeconomic terms, are associated with the
increased safety performance of the procedures and the routine usage of ultrasound
techniques, increasing the success rate and reducing the number of complications and
costs associated with perioperative care.

The success of the use of regional anesthesia techniques, however, is linked mostly
to the experience of the operator, not only in the procedural sphere but also in clini-
cal reasoning. It is essential to guarantee the anesthesiologist, both in training and
in practice, a teaching-learning process based on deliberate practice and mastery
learning that guarantees learning and continuous improvement of professional
performance [4, 5].

Although the literature reports a significant gap in the confidence of anesthesia
residents to perform regional anesthesia procedures without supervision, there needs
to be more evidence about the best way to teach regional anesthesia skills [5, 6]. The
anesthesiologists can consult the Guidelines for Training in Regional Anesthesia,
published in 2005 and revised every 3 years by the American Society of Regional
Anesthesia and Pain Medicine; these are the consensus guidelines regarding learning
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objectives and curricular content [7-9]. This chapter addresses the fundamental
aspects of the teaching framework in complementary form, not only at the training
level during residency programs but also in supra-specialized training programs and
throughout life.

2. How to learn to do technical procedures?

A practical or procedural skill is defined as any mental and motor activity that
requires the execution of a manual task, regardless of its degree of difficulty.
Anesthesia professionals must undergo training to achieve competency in a range of
skills to enable them to work safely in complex, dynamic, and unpredictable clinical
environments. Acquiring competency in procedural skills therefore is an essential
goal of anesthesia programs, with the expectation that a graduate should be proficient
in basic procedural and clinical skills and ability to assume responsibility for safe
patient care upon entry into the profession.

There are different and complementary approaches to understanding the teach-
ing and learning of procedural skills. We recommend a practical model that com-
bines the procedural skill taxonomy of Anita Harrow and Taylor et al’s framework
(Figure1) [10].

The taxonomy devised by Anita Harrow provides a clear and definitive breakdown
of the five essential stages that every anesthesia provider must master. These stages
have a strong correlation with the Dreyfus and Dreyfus level of competence, as
demonstrated in Figure 1. Moreover, Taylor et al. have presented a concrete six-stage
educational framework for procedural skill training in medicine that emphasizes
deliberate practice and domain enhancement. These six stages encompass Learning,
Seeing, Practicing, Probing, and Maintaining, which are expertly adapted from the
conventional four-stage Peyton model, as depicted in Figure 1.
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Figure 1.
Proposed pedagogical frameworks for procedural skills acquisition in medicine. Source: Adapted of Sawyer, T.
et al. [10].
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3. What skills do regional anesthesiologists need to learn
and how to teach them?

Each practical skill that an anesthesiologist needs to learn (e.g., airway management,
regional techniques, and invasive access) has a specific task. In the regional anesthesia
skills case training, the students must learn different technical, cognitive, and behav-
ioral skills (Figure 2) [3, 11].

3.1 Cognitive skills

Cognitive capabilities encompass a range of abilities that allow a person to
comprehend, deduce, recall, organize, and transform data into fresh perspectives;
make informed choices; tackle challenges; and gain knowledge. Within the domain
of cognition, it is essential to have a thorough understanding of anatomy and sono-
anatomy concepts and familiarity with equipment, medications, and anesthesia
techniques [5, 12, 13]. Mastering these areas can significantly enhance cognitive
abilities and facilitate optimal performance [14].

3.1.1 Teaching human anatomy for vegional anesthesia

A comprehensive understanding of human anatomy, particularly nerve pathways
and structures relevant to the specific region they will be targeting is necessary for
the learning and proper execution of techniques in regional anesthesia. Accurately
identifying nerves and optimizing block placement depend on this knowledge.
Understanding the human body’s structure and function is fundamental to regional
anesthesia performance. Sonoanatomy, which involves using ultrasound to visual-
ize anatomical structures in real time during medical procedures, is an essential
skill in the field. A combination of didactic lectures, hands-on practical sessions,
and interactive learning experiences is necessary to teach these skills effectively
[1, 6,7, 11-13, 15, 16].
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Experienced instructors are crucial in guiding learners’ progress and addressing
individual challenges. By integrating diverse teaching strategies, medical educators
can effectively equip students and practitioners with the necessary anatomical
and sonoanatomical skills, ensuring their competency and success in clinical
practice [5, 10, 14, 17].

3.1.1.1 Lectures

Lectures as a teaching strategy can be highly effective when supplemented with
multiple practical activities that enable students to bridge the gap between theory
and practice. A recent scoping review on effective teaching strategies in surface
anatomy has highlighted the importance of adopting a multimodal approach [18, 19].
Literature shows great acceptance of small-group teaching by medical instructors,
integrated clinical skills sessions, and incorporation of anatomical plastic models and
cadaveric specimens in their anatomy classes [19, 20].

To further enrich the learning experience, several additional strategies can be
implemented [18]. Clinical-applied teaching, for instance, can be introduced to
provide students with real-life medical scenarios that demonstrate the practical
application of anatomical knowledge. The use of radiological imaging can also prove
beneficial in helping students visualize anatomical structures in a clinical context
[3, 21]. Moreover, engaging activities like body painting and topographical body mas-
sage can make learning interactive and improve the student’s performance [18].

By combining traditional lectures with these practical and engaging teaching
methods, educators can create a dynamic and comprehensive learning environment
that fosters a deeper understanding and appreciation of surface anatomy, contextual-
izes the teaching, embraces experiential learning, and facilitates the process [18, 22].

3.1.1.2 Videos, online modules, and virtual simulators

Explanatory videos and self-directed interactive virtual simulations are the most
common and effective anatomy learning strategies. Research shows that virtual
simulators can improve residents’ skills by up to 40%. A specific study evaluated the
impact of a short educational video with an interactive simulation on ultrasound
anatomy knowledge. The results showed that the video significantly improved theo-
retical knowledge but, surprisingly, did not translate into an improvement in practical
ultrasound scanning skills to locate the nerve. However, combining these strategies
with supervised practical learning models can enhance student performance. For
instance, a training module that included a didactic lecture on ultrasound-facilitated
neuraxial anesthesia and mentored teaching on cadaveric spine dissections and
hands-on ultrasound scanning of live models resulted in superior performance by the
residents compared to those who only received the didactic lecture.

Woodworth et al. believed that exposition to an educational video of relevant
anatomical structures plus simulation could improve the ability to interpret and
recognize structures on ultrasound. They compared an experimental group that was
exposed to the teaching video and 5 minutes of simulation and a control group that
watched a comedy video without simulation. They had a written pretest and a posttest
and an ultrasound scanning pre- and posttest in live models. They found that watch-
ing a video improved the knowledge of anatomy structures and image interpretation
but could not demonstrate improvement in scanning nerves at hands-on practice [16].
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They confirm that video and computer simulations are tools that can improve
explicit knowledge, which in peripheral nerve blocks (PNB) is represented by the
recognition of anatomic structures and their localization around the nerve, so this
can make a difference against residents or fellows who do not have the opportunity to
practice in simulation scenarios [16].

Access to an interactive ultrasound spine module improves theoretical knowledge
and practical skills before clinical care. In summary, using explanatory videos and
interactive simulations is valuable for learning, but when complemented with super-
vised practical experience, it significantly enhances the development of skills and
knowledge.

3.1.1.3 Cadaver review sessions

Studies have shown that by including cadaver review sessions (CRSs) in
anesthesiology, programs can significantly enhance residents’ understanding of
intricate anatomical structures involved in specific blockages, along with facilitating
the honing of skills in ultrasound and needle use. In turn, this reduces the number of
complications arising during clinical practice following peripheral nerve blocks.

In a recent study by Cale et al. [23] residents from the first and third years of
anesthesiology programs took part in a 2-hour CRS once a month in a human anatomy
laboratory. An anatomist and an anesthesiologist with training in regional anesthe-
sia led the session, guiding the residents through critical anatomic structures and
assisting them in integrating this knowledge to perform ultrasound-guided peripheral
nerve blocks in the cadavers.

At the end of the study, the residents reported feeling more confident in recogniz-
ing anatomical structures on cadavers and using ultrasound. Most residents preferred
CRS over online modules, with some noting that the practice on cadavers was relevant
to their training and clinical practice. Overall, the experience helped the residents
improve their performance in PNB and broaden their knowledge, making them better
equipped to provide quality patient care.

3.2 Technical skills in regional anesthesia

It is important to note that more than explicit knowledge is needed; motor skills
must also be developed. Unfortunately, teaching motor skills is often overlooked.
Learning motor skills requires practicing and repeating procedures until the learning
curve stabilizes; this is reached by overcoming several domains [10, 11, 16].

In the case of regional anesthesia, the evolution of skill is characterized by three
stages [3, 11, 24]. The first one is cognitive, in which the residents get the concept of
the skill. In this stage, residents behave timidly, inconsistently, and inaccurately;
make many mistakes while doing the task; and need help interacting with the envi-
ronment. The second stage is associative, where movements get more fluid, there are
fewer mistakes, and residents can interact with the care team or patient. The last stage
is autonomous, where movements are consistent, mistakes are rare, and residents can
recognize them, solve unexpected situations, concentrate on other issues, and con-
nect with the care team and patient.

Teaching strategies to train more confident, independent, and proficient anes-
thesiologists have been described as follows: To learn a new task, they should start by
knowing the expected outcome and setting specific goals. They can prepare by read-
ing, watching videos, or observing a mentor. Then, they can make a deconstruction
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of the task. This means breaking down the procedure into more straightforward
steps. After that, temporally distributed simulation sessions are helpful to practice
segmentation by performing steps sequentially until they can complete the task.
Following the simulation, deliberate practice can be carried out with the guidance

of a teacher, who assesses the learning level of the resident and, according to that,
allows the resident to perform a procedure. When the tasks that residents are asked to
do are in their zone of proximal development, skill development gets stimulated and
reinforced [3, 11, 17].

Finally, feedback allows the residents to compare their previous concepts of the
tasks with their actual performance and to receive information about how the teacher
perceived it [25]. The teacher must give the residents a chance to share their sensations
of the performance; then, it is necessary to make constructive criticism, identify the
need for improvement, and highlight what the residents have done correctly. This feed-
back at the procedure’s end helps the residents strengthen their knowledge [26, 27].

In this way, regional anesthesia trainers must master various needle insertion tech-
niques with precision, including single or multiple injections. Utilizing ultrasound
guidance is crucial for accurate needle placement and improving patient safety during
the procedure. In this case, the anesthesiologist needs other specific skills to improve
their performance in this technique. Additionally, nerve stimulation techniques are
fundamental for nerve localization, aiding in identifying nerve responses and further
enhancing the accuracy of the regional block [1, 3, 8, 12, 13, 28].

3.2.1 How to teach technical skills?

The didactic component of the technical skills training provides a theoretical
understanding of anatomical structures and their clinical relevance, while practical
sessions, such as cadaver dissections simulations and live model workshops, develop
tactile familiarity with anatomical landmarks and build confidence in needle tech-
niques. Ultrasound simulators and patient simulations enhance sonoanatomy skills
by providing a risk-free environment for real-time image interpretation and probe
manipulation.

3.2.1.1 Simulation-based practices

Simulation-based training is an approach that employs artificial devices to
recreate various clinical scenarios that resemble real-world experiences, providing an
enhanced learning opportunity [3, 17]. The procedures or situations utilized in the
simulation can be pre-planned, standardized, and practiced repeatedly without pos-
ing any risk to the patient. Although simulation-based training has gained popularity
and is now integrated into several undergraduate and postgraduate programs, there is
still much to be discovered concerning its potential [4, 6, 29].

3.2.1.1.1 Advantages of simulation teaching based practices

The literature has shown that simulation-based training increases clinical
knowledge and skill acquisition compared to non-simulation training and conven-
tional teaching tools [21, 30]. It is significantly more efficient and cost-effective than
other teaching methods for learning ultrasound-guided regional anesthesia, reducing
the learning curve time and optimizing the trainees’ training time [1, 21].
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Simulation-based training is a superior alternative to traditional training methods
in the medical field. This approach enables medical professionals to perfect proce-
dures safely before applying them to real patients, resulting in improved outcomes
and lower healthcare costs [6, 14, 21, 31, 32]. Not only does this create a safe learning
space, but it also allows for immediate and accurate feedback, which is crucial for
boosting confidence and competence [14, 33]. Feedback should be ongoing, reflec-
tive, and provided within a secure learning environment to ensure optimal results
[1-3, 14, 30].

Additionally, simulation-based training focuses on improving and acquiring com-
petencies rather than on volume-based training [29]. Finally, simulation has proven
to be highly desirable in those programs, individuals, or training settings where it is
infrequent or nonexistent [34].

3.2.1.1.2 Types of simulators on regional anesthesia

Among the variety of prototypes used in clinical simulation in regional anesthesia
training are the following:

a. Cadaveric sessions

Cadaveric sessions hold a special place in the training process since they allow for
a 3-dimensional representation and tactile feedback, requiring visuospatial rea-
soning to perform an appropriate needle positioning and, ultimately, an adequate
PNB [35]. Practicing on cadavers brings the learning process closer to reality,
unlike online modules in a 2-dimensional plane. Lin et al. performed similar
sessions with regional and pain anesthesia fellows, finding a positive response
[31, 36]. They believe that trainees can benefit from the high fidelity of cadav-
ers to make multiple PNBs and enhance their sonographic orientation, which
otherwise cannot be done in the operating room for several reasons [31, 36]. To
avoid these issues, using a simulation space, or “block room,” has been suggested
to lead to a safe learning environment without stress or the risk of complications
of PNB [31, 37, 38].

Improving technical skills is crucial to gain expertise in performing procedures.
Woodworth et al. suggest that this can be achieved by using dynamic ultrasound
images to help trainees understand unclear anatomy [39].

b. Ultrasound-guided training of simulated participants

The simulated participant, often referred to as an “SP,” is an individual specially
trained to portray a particular role or scenario in simulated environments, such
as medical simulations, educational simulations, or communication exercises.
The key characteristic of an SP is their ability to realistically replicate the charac-
teristics, behaviors, and emotions of a specific person or patient, contributing to
the authenticity and immersion of the simulated experience [29]. This resource
is limited to teaching, learning, and reviewing ultrasound fundamentals and
sonoanatomy, which are fundamental for developing an adequate and successful
regional block technique [1]. It also improves the confidence and skill in using
the ultrasound machine in invasive patients, reducing technique times and
complications [6].
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c. Ultrasound-guided training on manikins

There are exceptional ultrasound simulators on the market that provide realistic
images and enable students to perform a wide range of procedures. These simula-
tors are perfect for teaching basic skills such as identifying superficial anatomy
and sonoanatomy and handling equipment and transducers [1, 30, 39]. They also
offer training for more advanced skills, including needle handling, visualization,
and the placement of local anesthetic or perineural catheters. However, it is
important to note that these simulators come with high acquisition and mainte-
nance costs and are not easily transportable.

d. Simulation crisis with manikins

This type of training is limited to management training in response to systemic
toxicity of the local anesthetic. A disadvantage is that it prevents the trainee from
assessing the possibilities of anatomical and pulse variants as anatomical repair
in life patients [6].

e. Training on three-dimensional phantom models

This type of training improves understanding of anatomical principles and
blocking techniques [6, 33]. It also enhances the novice trainees’ needs focusing
on anatomical principles and blocking techniques has improved novice train-
ees’ needle orientation, hand-eye coordination, and understanding and recall
of anatomy [32, 34]. These skills are crucial for the optimal development of a
peripheral nerve block.

The 3D Phantom models used in ultrasound-guided regional anesthesia train-
ing are the Jelly Phantom, Meat Phantom, Elastomeric Rubber, and Cadaveric
Piece. Each model has different processing dynamics but similar learning
performances [21, 30, 32, 33]. Although some reports mention the high cost

of using commercial models for this type of training, similar efficacy has been
demonstrated in low-cost models [33].

Each model has different processing dynamics but similar learning performances
(Table 1) [40]. Each one has different processing dynamics but similar learning
performances, not to mention the trainer’s perception of a more realistic envi-
ronment with the cadaveric and meat models [1-3]. The literature requires more
extensive descriptions of each simulation technique available today.

3.2.1.2 Clinical practice

Hands-on teaching in regional anesthesia involves a practical and experiential
approach to training medical professionals in performing various nerve block tech-
niques and procedures [13, 41]. In this educational method, learners actively engage
in real-life situations, allowing them to gain firsthand experience and develop their
skills in a supervised environment [23, 42]. By immersing themselves in the process,
learners can better understand the intricacies of regional anesthesia, its challenges,
and how to overcome them and allow the simulation phase [10, 11].

It is essential to recognize the value of hands-on teaching in regional anesthesia.
This type of learning provides a dynamic experience that complements theoretical
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Model used Time for target Time for task Needle Characteristics
identification completion placement time

Transparent Shortest time Shortest time No significant Less mistakes but less realistic

model difference

Opaque Longer time Longer time No significant More realistic for learning

model difference target identification skills

Meat model Longer time Shortest time No significant Requires refrigeration, cannot

difference be used after multiple needle

uses, and is associated with
more failures

Table 1.
Comparison of different low-cost models [33].

knowledge and helps learners bridge the gap between simulation and real-world prac-
tice [10]. By participating in hands-on training, medical professionals can refine their
technical skills, improve decision-making, and enhance patient safety during regional
anesthesia procedures. This interactive approach fosters a deeper understanding of
the complexities and better prepares learners to handle real-life patient cases with
greater competence and confidence [13, 43, 44].

Supervision is a critical aspect of hands-on teaching in regional anesthesia.
Experienced mentors guide learners through the process, offering real-time feedback
and constructive critiques [45, 46]. This close supervision ensures that learners
perform procedures safely and effectively, minimizing the risk of complications and
errors [28, 47]. Supervision may gradually decrease as learners progress, allowing
them to develop their autonomy in regional anesthesia practice.

Gaining confidence and autonomy is a significant outcome of hands-on teaching in
regional anesthesia [28]. As learners master different nerve block techniques and gain
experience with various patient scenarios, they become more self-assured in their
abilities [11, 48]. This newfound confidence empowers them to take on more complex
cases and adapt their skills to different clinical situations [17]. Ultimately, hands-on
teaching instills in learners a sense of autonomy, allowing them to provide high-
quality regional anesthesia care independently and contribute positively to patient
outcomes.

3.2.1.2.1 When is it suitable for a vesident to conduct a regional block on a patient?

Defining the capability of a student to perform autonomous regional anesthesia
involves assessing their proficiency, knowledge, and decision-making skills in execut-
ing these specialized tasks independently (see assessment session). Here are vital
steps to determine a student’s capability in autonomous regional blocks:

a.Supervised Practice: Allow the student to initially practice regional anesthesia
techniques under direct supervision. Observe their performance, provide guid-
ance, and assess their technical skills during this phase.

b.Case Complexity: Gradually expose the student to various complex cases. Evaluate

their ability to choose appropriate regional anesthesia techniques based on
patient needs, surgical requirements, and medical history.
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c. Patient Safety: Assess the student’s focus on patient safety throughout the process,
including proper patient positioning, accurate nerve localization, and monitor-
ing during the procedure.

d.Decision-making: Evaluate the student’s ability to make critical decisions inde-
pendently, such as choosing the appropriate nerve block technique, adjusting
anesthesia dosage, and managing complications.

e. Procedural Efficiency: Assess the student’s efficiency in performing regional
anesthesia procedures, including time management and minimizing patient
discomfort.

f. Communication Skills: Evaluate how effectively the student communicates
with patients, colleagues, and other healthcare providers involved in the
procedure.

g.Documentation: Review the student’s ability to maintain accurate and comprehen-
sive documentation of the regional anesthesia procedures, including preoperative
assessments, procedural details, and postoperative care.

h.Adherence to Guidelines: Ensure the student follows established guidelines,
protocols, and best practices for regional anesthesia, including infection control
measures and patient consent procedures.

i. Independent Problem-solving: Observe how students handle unexpected chal-
lenges or complications during the procedure and assess their problem-solving
skills.

j- Self-assessment and Reflection: Encourage the student to reflect on their perfor-
mance, identify areas for improvement, and develop a plan for ongoing profes-
sional development.

k.Gradual Autonomy: Gradually allow the student to perform regional procedures
with less direct supervision, increasing their level of autonomy as they demon-
strate competence and confidence.

1. Continuous Feedback: Provide regular and constructive feedback to the students
throughout the assessment process, helping them understand their strengths and
areas for growth.

By following these steps and considering multiple aspects of the student’s perfor-
mance, educators can accurately determine the capability of the student to autono-
mously perform regional anesthesia procedures and confidently transition them to
independent practice in this specialized field.

3.3 Behavioral skills in regional anesthesia

Behavioral skills or anesthetists’ nontechnical skills (ANTS) refer to a set of
cognitive and social skills and personal resources that enable safe and efficient task
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performance beyond the technical aspects of anesthesia administration [49-51].
These skills are essential for anesthetists to ensure patient safety, effective communi-
cation, and efficient teamwork during surgical procedures. ANTS encompass various
competencies, including situational awareness, communication, decision-making,
teamwork, leadership, and adaptability. Situational awareness involves perceiving
and comprehending the surgical environment, anticipating potential challenges, and
responding appropriately [52].

Teaching ANTS requires a comprehensive and structured approach to ensure
anesthetists develop these critical skills effectively. In the clinical practice of anesthe-
siology, the acquisition of ANTS is highly important [52, 53]. However, despite efforts
to evaluate and improve these skills [53-55], training strategies are still needed.

To reinforce automatic behaviors when handling complex and stressful situations,

it is recommended to draw from other specialties such as interactive workshops,
simulation-based training, horror rooms, role-playing games, and analysis of adverse
events [54, 55].

To engage anesthetists actively, it is recommended to organize interactive work-
shops and simulation-based training sessions [56-58]. These simulations allow
them to practice ANTS in realistic scenarios, thereby fostering decision-making,
communication, and teamwork in a controlled environment. Debriefing sessions are
also crucial as they encourage self-reflection, identify areas for improvement, and
reinforce positive behaviors. Encouraging senior anesthetists with strong ANTS to act
as role models for junior colleagues can also be highly beneficial.

Utilizing video-based training modules can showcase examples of ANTS in action,
demonstrating effective communication, teamwork, and situational awareness in
various clinical scenarios [59-61]. Integrate the use of case-based learning into the
training, permit anesthetists to analyze and discuss real-life cases that highlight the
importance of ANTS. This approach allows for practical application and critical
thinking.

ANTS training should be an ongoing process, with continual training and
practice. Anesthetists should be encouraged to practice and reinforce these skills
in their daily practice [11, 17]. Refresher courses or periodic workshops should be
offered to reinforce learning. An environment where anesthetists feel comfort-
able discussing challenges and sharing experiences related to ANTS should also
be created, encouraging open communication and learning from each other’s
experiences.

4. How to assess student performance in regional anesthesia?

Assessment in anesthesia has traditionally been focused on evaluating clinical
practice, patient interaction, and critical situation analysis at the end of the learning
process [49]. However, it is crucial to prioritize real-time, sequential, and progres-
sive process assessment; personalized learning; and feedback throughout this
process [62].

4.1 Entrustable professional activities (EPAs) and assessment

The emergence of Entrustable Professional Activities (EPAs) hasled to a call for
change in medical and health profession curricula. EPAs are units of clinical practice,
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tasks, or responsibilities that students can perform without supervision once they
have achieved the desired competency [28, 63-65]. Each EPA incorporates domains
and subdomains of general competencies, integrated with specific content from the
curriculum’s educational programs. Didactic activities are designed from concrete
daily experiences in clinical practice at different levels depending on the year of study
[28, 64, 65]. Three strategies, namely, situated learning, deliberate practice, and
reflection, are used to help students achieve reliable clinical activities [66].

EPAs and the Dreyfus and Dreyfus model are complementary frameworks that
can assess and guide regional learners’ progress and development. By aligning with
competency-based medical education (CBME) principles, EPAs focus on learners’
achievement of specific competencies instead of relying solely on time-based train-
ing. EPAs are measurable milestones that demonstrate a trainee’s ability to conduct
critical professional activities under appropriate supervision [67, 68]. The Dreyfus
and Dreyfus model describes the stages of skill acquisition and expertise develop-
ment, proposing five stages: Novice, Advanced Beginner, Competent, Proficient, and
Expert. According to this model, individuals progress through these stages as they
gain experience and expertise in a particular domain [10, 67, 68].

EPAs and the Dreyfus and Dreyfus model complement each other in medical
education. EPAs can be mapped to the different stages of the Dreyfus and Dreyfus
model. For instance, basic clinical skills required by EPAs might align with the
Novice, Advanced, and Beginner stages. In contrast, complex decision-making and
management may align with the Competent and Proficient stages [67, 68]. EPAs
provide a concrete way to assess learners’ abilities to perform specific professional
activities. As learners progress through their training, they can be evaluated against
EPAs, and their performance can be compared to the expectations associated with
the corresponding Dreyfus and Dreyfus stages. This assessment process enables
educators to provide targeted feedback and support for learners at different skill
levels [69].

The Dreyfus and Dreyfus model underscores the gradual development of exper-
tise and autonomy. EPAs can serve as markers of a learner’s readiness to take on more
responsibility and independence in their clinical practice as they transition from
being supervised to being entrusted with certain professional activities [10, 11].

4.2 EPAS inregional anesthesia

The field of regional anesthesiology and acute pain medicine has recognized the
need for standardizing assessments to effectively track trainee competency. The
Accreditation Council for Graduate Medical Education (ACGME) provides com-
petency descriptions and milestones, but other methods are necessary for accurate
assessment [70]. To address this need, EPAs and special assessments models have
emerged as promising approaches to evaluate the level of competency of residents
and fellows.

To develop a comprehensive assessment framework, an expert group with experi-
ence in anesthesia education and competency assessment, established a list of 23
EPAs, a clearly defined entrustment scale, and a mapping to ACGME milestones [28].
This provides a standardized approach to assessing competency and ensuring well-
prepared and competent fellows (Table 2). This rigorous methodology ensures that
the RAAPM EPAs and procedural skills accurately reflect the required competencies
for fellows, facilitating meaningful performance feedback.
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EPA category

EPA title (assigned number)

Preoperative
assessment

Peripheral nerve block—regional procedure evaluation and informed consent (1)
Neuraxial technique—regional procedure evaluation and informed consent

Preoperative assessment of the patient with preexisting neurological dysfunction for
regional anesthesia

Preoperative assessment of the patient on altered coagulation for regional anesthesia

Evaluation and management of a patient with postoperative pain requiring rescue
analgesia in the PACU

Patients with
special conditions

Evaluation and management of regional anesthesia in the geriatric patient
Evaluation and management of a patient with complex pain history
Evaluation and management of regional anesthesia in a trauma patient

Evaluation and management of acute pain in a pediatric patient

Perioperative care

Evaluation and management of a patient that would benefit from regional anesthesia
of the upper extremity.

Evaluation and management of a patient that would benefit from regional anesthesia
of the lower extremity.

Evaluation for and placement of a continuous peripheral nerve block

Evaluation and management of a patient that would benefit from regional anesthesia
of the thorax.

Evaluation and management of a patient that would benefit from regional anesthesia
of the abdomen.

Perioperative management of a neuraxial block for surgical anesthesia

Perioperative management of a peripheral or truncal nerve block for surgical
anesthesia

Appropriate conduct of handoff/transfer of care with an emphasis on minimizing
barriers to communication

Regional and acute
pain service

Postoperative evaluation and management of patients with continuous peripheral
nerve blocks.

Postoperative evaluation and management of patients with continuous neuraxial
catheters (19). Postoperative evaluation and management of the ambulatory patient
with a continuous peripheral nerve block.

Management of an inpatient acute pain service. Evaluation and management of acute
pain in the nonoperative setting

Other Recognition, evaluation, and management of complications or potential complications
related to regional anesthesia and acute pain management including assessment,
documentation, and disclosure.

Table 2.

List of entrustable professional activities (EPAs) [28].

4.3 Regional anesthesia and clinical competence

Assessing trainees’ proficiency in regional anesthesia aligns well with Miller’s
Pyramid of Clinical Competence. At the pyramid’s base lies “Knows,” where learners
acquire factual knowledge about regional anesthesia techniques, relevant anatomy,
and pharmacology. Moving up, “Knows How” reflects their ability to demonstrate
the procedural steps and principles in controlled environments, such as simulation
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Figure 3.
Extending Miller’s pyramid. Source: Adapted of Ten Cate et al. [67].

labs. The next level, “Shows How,” pertains to their ability to apply regional anesthesia
under direct supervision in natural clinical settings. The final and more recent level
“Is Trusted” included by Ten Cate et al. (Figure 3) [67].

As trainees gain experience and competence, they also progress to higher levels of
Miller’s Pyramid. “Does,” the penultimate level, signifies the point at which trainees
can perform regional anesthesia more autonomously, though with some guidance
and oversight. Finally, the pyramid’s pinnacle is “Does Independently,” where learners
exhibit mastery in regional anesthesia and can administer it safely and effectively
without supervision [62, 67].

Overall, the assessment of EPAs like regional anesthesia aligns with the progres-
sion of competence achievement at Miller’s Pyramid, ensuring that trainees advance
through stages of knowledge and competence, ultimately becoming skilled and
independent practitioners in anesthesiology. This structured approach to assessment
enhances patient safety and ensures a high standard of care in clinical practice.

Evaluating the skill level of trainees in regional anesthesia follows the framework
of Miller’s Pyramid of Clinical Competence. The pyramid’s base is “Knows,” where
learners acquire knowledge of regional anesthesia techniques, relevant anatomy, and
pharmacology. Moving up, “Knows How” reflects their ability to demonstrate proce-
dural steps and principles in controlled environments, like simulation labs. The next
level, “Shows How,” pertains to their ability to apply regional anesthesia under direct
supervision in natural clinical settings.

When trainees reach “Does”, they achieve the second-to-last level. This one
signifies the point at which trainees can perform regional anesthesia more indepen-
dently but with some guidance and supervision. Finally, the pyramid’s peak is “Does
Independently,” where learners demonstrate mastery in regional anesthesia and can
administer it safely and effectively without supervision.

Overall, the assessment of Entrustable Professional Activities (EPAs) such as
regional anesthesia aligns with the progression of competence achievement at Miller’s
Pyramid. This approach ensures that trainees advance through stages of knowledge
and competence, ultimately becoming skilled and independent practitioners in
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Test Reliability Validity Feasibility Educational Assessment

impact target

Procedure Low self- Low, there is no Easy Low Technical

logs reporting, there guarantee that skills
may be errorsand  the procedure
omissions will be carried out

properly

Procedure Low self- Low, there is no Easy to use Low Technical

logs with a reporting, there guarantee that skills

minimum may be errorsand  the procedure

number omissions will be carried out

properly

Direct Low High apparent Easy to use Potentially high ~ Technical,

unstructured validity nontechnical

observation skills

Checklists Good for High construct Easy to use, but High, Technical,

and global observerstrained  validityinepidural ~ requirestraining  dependingon nontechnical

rating scales in the educational ~ punctures, context skills

(OSAT) context interscalene block

Naik scale High High High High, Technical

correlationwith  skills
expertise level

Regional High High internal and Applicable to High correlation ~ Technical

anesthesia external validity any type of with expertise skills

procedural block; using level

skills (RAPS) ultrasound or

tool without surface

anatomy-based
techniques

McLeod High High internal Easy to use High correlation ~ Technical

checklist validity with expertise skills

level

Objective High High internal Easy to use High correlation ~ Technical

assessment validity with expertise skills

tool (OAT) level in clinical

setting

Direct Good for Constructive Easy to use, but High, Technical

Observation observerstrained  validityinepidural requirestraining  depending on skills

of Procedural  inthe educational  punctures, context

Skills context interscalene block

(DOPS)

Feedback 360  Moderate for High Expensive, Very High Technical,
non-trained time-consuming nontechnical
observers skills

Simulation- Depends on Apparentvalidity, =~ High costrelated ~ Depends on Technical,

based the assessment highly variable in to the type of the selected nontechnical

assessment instrument and any context simulation used assessment tool  skills
regional model

Objective Good for High in Expensive, time-  Potentially high ~ Technical

Structured observerstrained  ultrasound- consuming, and skills

Assessment in the educational ~ guided regional requires special

of Technical context anesthesia installations

Skills (OSAT)
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Test Reliability Validity Feasibility Educational Assessment
impact target
Video- Excellent Technical and Time- High Technical,
feedback nontechnical skills ~ consuming and nontechnical
requires special skills
equipment

Gaze pattern  High High, non- High cost, Moderate Technical,

analysis observer- requires special nontechnical
dependent equipment skills

Imperial High High, non- High cost, Moderate Technical

College observer- requires previous skills

Surgical dependent training

Assessment

Device

(ICSAD)

Anesthesia- High High Easy, needs High Technical,

Clinical training to use nontechnical

Evaluation skills

Exercise

(A-CEX)

Table 3.

Assessment tools used in regional anesthesia [49, 73].

anesthesiology. This structured methodology enhances patient safety and guarantees
a high standard of care in clinical practice.

4.4 Assessment tools for regional anesthesia

In the field of regional anesthesia, programmatic assessment is utilized to evaluate
the progress and competence of learners in a systematic and comprehensive manner
[71]. This approach differs from traditional assessment methods that rely on individ-
ual examinations, as programmatic assessment involves continuous and longitudinal
data collection through various tools and activities. These may include direct observa-
tions, simulation-based assessments, case-based discussions, and feedback from both
faculty and patients. By gathering data over time, program directors and educators
can gain a holistic view of the trainees’ abilities, identifying strengths and areas for
improvement. This approach fosters a culture of continuous learning and improve-
ment, allowing for tailored interventions and support to enhance the learners’
proficiency in regional anesthesia [49, 72, 73]. Moreover, programmatic assessment
provides a more accurate and reliable representation of a trainee’s overall competency,
ensuring that they are well-prepared to deliver safe and effective regional anesthesia
services upon completing their training.

To enhance the effectiveness of programmatic assessment, various assessment
tools have been proven helpful in the van der Vleuten assessment equation (Table 3).

4.5 Feedback as assessment tool
Receiving feedback is essential for improving the learning process when acquiring,

practicing, and reflecting on clinical skills [25]. However, trainers and teachers may
not be familiar with this pedagogical tool, which limits the execution of the feedback
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process. To provide optimal feedback when teaching regional anesthesia, follow these
short and precise tips:

a. Wait for the student to request feedback.
b.Provide feedback in a timely manner when it is relevant.
c. Balance positive and negative actions in the feedback.

d.Conduct feedback in a safe and private environment, with mutual respect and an
appropriate tone of voice.

e. Offer a clear improvement plan and encourage the learner to develop specific
actions for growth.

f. Keep the feedback concise and avoid unnecessary information.

However, some barriers can hinder effective feedback, such as inadequate
communication skills, making moral and personal judgments, defensive learners,
and closed-mindedness. By following these guidelines and being mindful of potential
barriers, teachers and learners can ensure a more productive feedback process when
teaching regional anesthesia.

5. Conclusions

In conclusion, anesthesiologists must be able to perform regional anesthesia with
expertise and diminishing risks for the patients. To achieve that, anesthesiology
programs should combine theoretical knowledge and strategical teaching to develop
motor skills. Thus, it is imperative to have high-quality training before trainees or
residents face actual patients. This training can involve multiple strategies such as
lectures, multimedia, cadaver review sessions, simulation-based practices with mani-
kins and ultrasound, and hands-on and supervised clinical practice and deliberate
practice. This chapter allows to understand the way trainees learn and provides some
useful tools that can be used to implement accurate procedural skills teaching and
learning techniques, leading to more confident anesthesiologists and better results at
performing regional anesthesia [74-76].
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Abbreviations

ANTS anesthetists’ nontechnical skills

CBME competency-based medical education

CRS cadaver review sessions

DOPS direct observation of procedural skills
EPAs entrustable professional activities (EPAs)
ICSAD Imperial College surgical assessment device
OAT objective assessment tool

OSAT objective structured assessment of technical skills
PNB peripheral nerve blocks

RAPS regional anesthesia procedural skills

SP simulated participant

US ultrasound
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