
MAY 2022 | VOLUME 19 | ISSUE 5

Ultrasound-Guided Pediatric 
Nerve Blocks in the 
Emergency Department:  
An Evidence-Based Update
n Abstract 
Analgesia in pediatric patients is critical for minimizing discom-
fort and maximizing satisfaction for both the patients and their 
caregivers. In the last decade, ultrasound has been shown to be 
effective in improving the safety and efficacy of regional anes-
thesia. This issue discusses materials, methods, and monitoring 
for pediatric patients undergoing nerve blocks in the emergen-
cy department, including both ultrasound-guided and landmark 
approaches. Special considerations for pediatric patients are 
reviewed, including maximum dosages of local anesthetic and 
how to perform nerve blocks safely in patients with different 
developmental abilities and in medically complex children. Rec-
ognition and management of local anesthetic systemic toxicity 
syndrome are also reviewed.  
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CLINICAL CHALLENGES

• When are nerve blocks indicated for 
pediatric patients?

• What common nerve blocks can be 
used in pediatric patients, and what 
landmark/sonographic approaches can 
improve the outcomes?

• What are the signs and symptoms 
of local anesthetic systemic toxicity 
syndrome, and how should it be 
managed?
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in this issue. The literature search was expanded to 
include peer-reviewed adult ED and pediatric anes-
thesia literature, when available and relevant. Given 
that this is an emerging field with limited publications 
specific to pediatric emergency medicine, additional 
sources, including online resources, were included to 
represent current best practice, expert opinion, and 
cutting-edge approaches to ED nerve blocks. Several 
online resources are classified as free open access 
medical (FOAM) education and represent excellent 
resources or expert opinions for learning and improv-
ing the practice of ultrasound-guided nerve blocks.
 When available, levels of evidence are reported 
according to the American Society of Regional An-
esthesia and Pain Medicine, as well as EB Medicine 
Classes of Evidence. (See Appendix 1, page 20.)

n Mechanism of Action
During nerve blocks, local anesthetic (LA) is injected 
around targeted nerves to create sensory blockade 
in the desired anatomical distribution. At the cellular 
level, the anesthetics inhibit voltage-gated sodium 
channel function in the nerve cell membranes,3 
which disrupts afferent nerve impulse transmission of 
signals. Individual nerve blocks (eg, radial) spread LA 
adjacent to targeted nerve bundles, which diffuses 
across perineurium to epineurium toward the axonal 
membranes of the nerve cells. The targeted nerve 
often travels along its associated artery and vein(s) in 
a neurovascular bundle. Alternatively, regional anes-
thesia may be achieved at the bedside by injecting 
LA solution into a fascial plane containing a specific 
target nerve (eg, median nerve block), targeted 

n Introduction 
Minimizing pediatric patients’ pain is correlated with 
improving their satisfaction with emergency care.1 

Pain control in all patients should employ a multi-
modal approach with pediatric-informed staff, analge-
sics, anxiolytics, and child-life specialists, as available. 
Nerve blocks are a powerful tool to help control pain 
and facilitate procedures for both adult and pedi-
atric patients, but pediatric patients present unique 
challenges. In the last decade, the use of ultrasound-
guided nerve blocks in pediatric patients has been 
increasingly popular in emergency medicine and 
point-of-care ultrasound training programs.2 Regional 
anesthesia techniques first described and studied in 
the anesthesiology literature are being increasingly 
applied in the emergency department (ED) setting. 
This issue of Pediatric Emergency Medicine Practice 
reviews literature and growing clinician experience 
with both ultrasound-guided approaches for nerve 
blocks and surface anatomy-driven landmark ap-
proaches in pediatric patients in the ED.

n Critical Appraisal of the Literature 
Literature on nerve blocks for pediatric patients in the 
ED is growing, but limited, compared to adult popu-
lations as well as the pediatric anesthesia literature. A 
literature search was performed in PubMed using the 
terms pediatric, regional anesthesia, nerve block, and 
emergency department. Literature on intravascular 
analgesia (eg, the Bier block) and topical anesthetics 
was excluded. A total of 84 articles published from 
1980 to 2020 were identified. Two authors reviewed 
each article for relevance and scope for inclusion 

A 12-year-old otherwise healthy girl presents to the ED 2 hours after sustaining a laceration on the 
sole of her right foot, having cut it on a rock... 

• The girl’s most recent tetanus vaccination was 2 years ago. 
• On examination, she has a 3-cm linear laceration on her right heel that is hemostatic and extends into 

subcutaneous tissue. She has an otherwise normal examination and is neurovascularly intact. 
• You would like to irrigate, explore for foreign body, and perform primary laceration repair; however, 

you recall that direct local anesthesia infiltration to the sole of the foot is very painful, may be difficult 
to achieve satisfactory analgesia, and can distort wound margins. What other options do you have? Is 
there a regional nerve block you can perform to anesthetize this area?

An 8-year-old patient presents after being hit by a motor vehicle while running across the street…
• After a full trauma evaluation, the child is found to have a proximal femur fracture, but no other severe 

injuries. The patient is in significant pain after multiple doses of morphine and attempted immobiliza-
tion in the ED. Orthopedic intervention is planned for tomorrow morning. 

• What regional anesthesia can be used to help this patient with pain control? Is special monitoring re-
quired for a nerve block in this patient?
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for distal nerve injury for the duration of the LA. De-
pending on the duration of the LA, this examination 
may be unavailable or “lost” for several hours.  

n Diagnostic Studies  
No specific diagnostic studies are universally required 
before using nerve blocks in pediatric patients. For 
nerve blocks used to facilitate joint or fracture reduc-
tion, the use of x-ray, computed tomography (CT), 
or ultrasound imaging should be considered and 
reviewed before performing the nerve block to evalu-
ate for indications and contraindications. However, 
certain scenarios may justify nerve blocks before radi-
ology or to facilitate it. X-ray and ultrasound can also 
be used to identify foreign bodies (number, location, 
etc) before the procedure.

n Materials and Preparation 
Patient Selection and Preparation
The developmental stage of the patient and the avail-
ability of personnel to assist with the procedure are 
key factors for success. There are no recommended 
age cutoffs for use of peripheral nerve blocks, but 
there is also ongoing concern for undertreatment 
of pain, particularly in infants and young children.7 
The youngest age reported in the literature was 
an ultrasound-guided femoral nerve block for a 
3-month-old patient with a femur fracture secondary 
to nonaccidental trauma.8 Procedural sedation can be 
considered to facilitate a nerve block if the benefits 
outweigh the risks.9 Of note, there is a higher risk 
for local anesthetic systemic toxicity (LAST) in infants 
aged <1 year.10

 Managing procedural pain and anxiety are pri-
orities in pediatric care.11 Additionally, a calm and 
comfortable patient maximizes procedural success. 
Multimodal approaches are best, including develop-
mentally appropriate distraction and procedural sup-
port; pharmacologic anxiolysis and topical anesthetics 
can also be employed in anticipation of a nerve block 
procedure. When available, child-life specialists can 
be instrumental in optimizing these factors.12 Parents 
and caretakers also can be involved in providing a 
supportive environment for the child and helping with 
comfort holds. 
 Topical anesthetics such as eutectic mixture of 
local anesthetics (EMLA), topical lidocaine 4% cream, 
jet-administered lidocaine with J-tip®, a wheal of li-
docaine, and adjuncts such as vapocoolant spray and 
Buzzy® can help reduce pain and improve tolerance 
of needle-involving procedures.11 For more informa-
tion on management of pediatric pain using these 
techniques, see the August 2019 issue of Pediatric 
Emergency Medicine Practice, “Pediatric Pain Man-
agement in the Emergency Department,” available 
at: www.ebmedicine.net/ped-pain-management 

nerve endings run (eg, serratus anterior block), or 
into a compartment where multiple nerve bundles 
reside (eg, fascia iliaca block), resulting in anesthesia 
of a large anatomical area that crosses dermatomal 
boundaries. Fascial plane blocks can avoid direct 
nerve injection, damage to other local structures, and 
use a lower dose of LA.4 

n Indications of Nerve Blocks
The first step of performing a nerve block is de-
termining the need for a block. Fracture and joint 
reductions; soft-tissue injuries; and procedures such 
as foreign body removal, incision and drainage, and 
laceration repair should be considered for nerve 
blocks. Nerve blocks for pain control alone without 
an associated procedure can be used for dental pain, 
extremity burns, or rib fractures. A clinician can be 
creative in utilizing an existing nerve block for a novel 
application to help a patient, as long as it is safe.

n Contraindications of Nerve Blocks
Similar to many other common percutaneous proce-
dures, relative contraindications include overlying in-
fection and coagulopathy. The main absolute contra-
indication is allergy to the LA. Special considerations 
for individual blocks and special populations will be 
discussed further later in the text. 
 Some nerve blocks are thought to potentially 
mask the symptoms of compartment syndrome. 
Evidence of compartment syndrome includes severe 
pain (especially out of proportion to examination 
findings) and tense compartments. Loss of motor 
function, sensation, and pulses are late and severe 
findings of compartment syndrome. Data to support 
the risk of one-time LA injections masking compart-
ment syndrome are limited.5 Patients with injuries 
at high risk for compartment syndrome (eg, tibial 
plateau fractures, crush injuries, both-bone forearm 
fractures, severe polytrauma) should not be consid-
ered for nerve blocks.6 Your hospital or ED may have 
a policy for which nerve blocks require orthopedic, 
trauma surgery, or anesthesia consultation before 
being performed in the ED. For those without official 
policies, discussion with specialists is encouraged. 

n Emergency Department Evaluation 
Examination both before and after nerve block should 
be well documented. Fully describe any injury to sup-
port the need for a nerve block. Special care should 
be given to the neurovascular and musculoskeletal 
examination, including motor and sensory function 
(for evidence of neuropraxia) and fascial compart-
ments (for evidence of compartment syndrome). A 
successful nerve block will provide significant analge-
sia, but it will also limit future examinations to assess 

www.ebmedicine.net/ped-pain-management
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errors. The mL/kg amount is not interchangeable 
with the concentration. Best practice is to also know 
the mg amount, since it is easy to make errors if only 
the mL/kg amount is used. Suggested volumes for 
specific block techniques will be listed in their respec-
tive sections, but best practices recommend always 
cross-referencing and calculating safe maximums. Cli-
nicians should familiarize themselves with tools such 
as online dosing calculators and nomograms.16

 

An MDCalc tool for calculating local 
anesthetic dosing is available at: https://
www.mdcalc.com/local-anesthetic-
dosing-calculator

 The addition of epinephrine to LA increases 
maximum safe dosing through reducing risk of inad-
vertent intravascular injection by 2 main mechanisms: 
(1) vasoconstriction and (2) hemodynamic marker (IIa, 
B).10 Although there is common teaching to avoid 
epinephrine-containing LA infiltration to the “fingers, 
toes, penis, and nose” (areas with end-artery circula-
tion), there is now a body of literature indicating its 
safety in digits and noses, but there are no dedicated 
studies regarding the genitalia.17-19

 For larger-volume plane blocks, anesthetic may be 
further diluted in normal saline to achieve a desired 
volume that then spreads to bathe the nerves of inter-
est in the fascial plane. Dilution may also be required 
if a specific concentration of LA is not readily available 
on the hospital formulary. For example, bupivacaine 
0.25% is recommended for use for nerve blocks in 
children; however, if an institution has only bupiva-

 If performing an ultrasound-guided block, identify 
sonographic landmarks and plan the puncture site 
prior to applying topical anesthetics or administering 
local lidocaine.

Local Anesthetic Selection
There are multiple commonly available ester and 
amide LA medications with different potencies and 
durations of action that can be used for peripheral 
nerve blocks. (See Table 1.) To balance efficacy with 
toxicity risks, best practice is to use minimum doses to 
achieve desired anesthetic effects and to consider the 
desired duration of effect with short-acting LA for brief 
procedures and longer-acting LA for more prolonged 
analgesia (I, C).10 Nerve blocks can achieve analgesia 
with less LA volume compared to local infiltration.
 It is crucial to calculate and not exceed weight-
based maximum safe doses for these medications, to 
reduce the risk for LAST. In obese patients, there are 
multiple weight-estimation adjustments described, 
including lean, ideal, adjusted, and others. Although 
there is no clinical consensus which estimation meth-
od is best in children,13 a recent anesthesia literature 
review suggests lean body weight for LA dosing.14 
 Calculating maximum doses can be confusing, 
since anesthetics come in multiple concentrations 
(listed as percentages). Maximums are often listed as 
mg/kg, yet clinicians often think in volumes of these 
medications. Table 1 includes the concentrations in 
percent and mg/mL, maximums in mg/kg and mL/kg, 
as well as suggested adult maximums for commonly 
used LA drugs.15 If mL/kg is to be used, special at-
tention should be paid to the concentration (percent); 
using the wrong concentration could lead to dosing 

Table 1. Local Anesthetic Pharmacokinetics and Dosing15

Drug Name and Concentration Pharmacokinetics Weight-Based Infiltration Maximums Common Adult 
Maximums*

Onset (min) Duration (hr)

Chloroprocaine 1.5% (15 mg/mL)
(children >3 years)

6-12 1 11 mg/kg (0.733 mL/kg) 800 mg (53.3 mL)

Chloroprocaine 1.5% with epinephrine (15 mg/mL)
(children >3 years)

6-12 1 14 mg/kg (0.93 mL/kg) 1000 mg (66.67 
mL)

Lidocaine 1% (10 mg/mL) 2-4 1-2 4.5 mg/kg (0.45 mL/kg) 300 mg (30 mL)

Lidocaine 1% with epinephrine (10 mg/mL) 2-4 1-2 7 mg/kg (0.7 mL/kg) 500 mg (50 mL)

Mepivacaine 1.5% (15 mg/mL) 3-20 2-2.5 6 mg/kg (0.4 mL/kg) 400 mg (26.7 mL)

Mepivacaine 1.5% with epinephrine (15 mg/mL) 3-20 2-2.5 8 mg/kg (0.53 mL/kg) 500 mg (33.3 mL)

Bupivacaine 0.25% (2.5 mg/mL)
(highest risk for local anesthetic systemic toxicity)

2-10 2-8 2 mg/kg (0.8 mL/kg)  
If aged <6 mo, use 1.4 mg/kg  

(0.56 mL/kg)

150 mg (60 mL)  

Bupivacaine 0.25% with epinephrine (2.5 mg/mL)  
(highest risk for local anesthetic systemic toxicity)

2-10 2-8 3 mg/kg (1.2 mL/kg) 
If aged <6 mo, use 2.1 mg/kg  

(0.8 mL/kg)

200 mg (80 mL)  

Ropivacaine 0.5% (5 mg/mL) 3-15 3-15 3 mg/kg (0.6 mL/kg)
If aged <6 mo, use 2 mg/kg (0.4 mL/kg)

200 mg (40 mL)

*Weight-based maximums shown in this table also apply to adult patients. These are commonly used maximums, but these amounts should be verified 
against the patient’s weight to ensure safety.

https://www.mdcalc.com/local-anesthetic-dosing-calculator
https://www.mdcalc.com/local-anesthetic-dosing-calculator
https://www.mdcalc.com/local-anesthetic-dosing-calculator
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Monitoring and Personnel
Large-volume plane blocks are the highest-risk pro-
cedures for LAST and require cardiac monitoring and 
blood pressure monitoring during the procedure and 
for at least 30 minutes after.10,22 Small-volume direct-
injection blocks do not require special monitoring. 
While these procedures can be performed by a single 
person, it is beneficial to have an assistant. Expert 
consensus suggests a 2-operator technique for larger-
volume blocks in which one operator manipulates the 
ultrasound transducer as well as inserts and positions 
the needle while the second operator controls the 
syringe attached with tubing. 

Level of Sterility/Asepsis
Peripheral nerve block procedures and ultrasound-
guided peripheral vascular access require similar 
levels of asepsis; “as sterile as possible” is recom-
mended.23 Skin should be cleansed with antiseptic 
such as chlorhexidine prior to the procedure. The 
transducer should be appropriately covered, ideally 
with a sterile probe cover. A sterile glove cuff may be 
used as a cover along with sterile ultrasound gel.24,25 
After the procedure, the ultrasound machine and 
transducer can be cleaned with low-level disinfection 
procedures.25

n General Techniques 
There are 2 main techniques for peripheral nerve 
blocks: landmark-based and ultrasound-guided. 
The American Society of Regional Anesthesia and 
Pain Medicine strongly supports direct visualization 
with ultrasound, which is replacing other special-
ized techniques (eg, nerve stimulator guidance), 
particularly for upper- and lower-extremity blocks.26 
Their practice advisory recommends (grade A) with 
high-level evidence (Ib) that an ultrasound-guided 

caine 0.5%, it could be diluted 1:1 in normal saline to 
achieve a 0.25% concentration.

Supplies
Table 2 lists suggested equipment for ultrasound 
guidance. Use an ultrasound machine with a high-
frequency (10-15 MHz) linear array transducer. These 
transducers often come in several different sized 
footprints. A wider footprint (eg, 3.8 or 5 cm) can be 
helpful and allow visualization of more surrounding 
structures and a longer needle path; however, for cer-
tain anatomical locations (eg, the ankle) and smaller 
patients, a smaller footprint transducer (eg, 2.5-cm 
linear array) is easier to use. A photo demonstrating 
supplies and assembly of a 2-operator injection set-
up is provided in Figure 1.

Needle Selection
Specialized blunt (short bevel) block needles are 
recommended for use in regional anesthesia. Evi-
dence regarding needle bevel and nerve injury comes 
mostly from animal studies.20 These needles often 
come with preattached tubing facilitating a 2-person 
injection technique. Expert opinion suggests us-
ing these blunt block needles whenever possible.21 
Alternatives to specialized block needles include 
Quincke tip spinal needles or Tuohy epidural needles. 
In low-resource settings, clinicians must exercise best 
judgment and caution if considering alternative (eg, 
hypodermic) needles. 

Table 2. Ultrasound-Guided Nerve Block 
Supplies
Category Supplies

General supplies • Skin cleansing materials (eg, chlorhexidine)
• Skin marker
• Sterile gloves 
• Local anesthetic
• Topical anesthetic (eg, EMLA, 4% 

lidocaine) 

Ultrasound materials • High-frequency linear transducer
• Sterile ultrasound probe cover 
• Sterile ultrasound gel packet

Needles and tubing • Blunt-tip block needle (shortest length to 
reach target)

• Syringe(s) of adequate volume for block
• Control syringe if single operator 
• Extension tubing for 2 operators
• Normal saline flushes for dilution and/or 

fascial plane hydrodissection 

Emergency supplies • Cardiorespiratory monitoring (ECG, pulse 
oximetry, blood pressure)

• Resuscitation equipment
• 20% lipid emulsion

Abbreviations: ECG, electrocardiogram; EMLA, eutectic mixture of local 
anesthetics.

www.ebmedicine.net

Figure 1. Setup of Ultrasound-Guided 
Nerve Block Supplies

Image courtesy of Lilly Bellman, MD;  Yiju Teresa Liu, MD; and William 
White, MD.
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visualize needle approach and anesthetic spread to 
an area of interest in real time. Ultrasound can be 
used in-plane with the needle (parallel to needle axis; 
needle seen as a line) or out-of-plane (perpendicular 
to needle axis; needle seen as a dot). The in-plane 
method is often preferred for peripheral nerve blocks, 
since it shows the whole path of the needle relative 
to anatomical structures. The anatomy of some blocks 
and clinician preference may favor an out-of-plane 
approach (eg, the popliteal sciatic nerve block may 
be performed either way).

Safety Best Practices
Several practices can be utilized to improve nerve 
block safety. 

Pre-Scan
Pre-scan the area to identify local anatomy. This 
can include application of color Doppler to identify 
vascular structures. Excellent needle-tip visualization 
technique with ultrasound is emphasized as a primary 
method for avoiding direct trauma to a nerve, vas-
culature, or other local structures in the process of 
performing a block.26,29 

 
Hydrodissection
Injection of saline or dextrose during the initial por-
tions of a block can help open the space around a 
nerve or fascial plane. After the space is opened, 
switch to LA to inject in the dissected space. This 
practice is known as hydrodissection, and it is recom-

approach improves timing of onset (in adults) and 
quality of some blocks and improves block duration 
in children (Ib). Among their pediatric findings, they 
give the highest (grade A) recommendations that an 
ultrasound-guided approach allows visualization of lo-
cal anatomy and the needle (Ib), supports ultrasound 
guidance over nerve-stimulator guidance (Ib), sug-
gests ultrasound-guided blocks are associated with 
lower opioid consumption than landmark blocks (Ib), 
and provides excellent pain control when compared 
with local wound infiltration (Ib).26 The majority of the 
evidence is with regard to upper- and lower-extremity 
blocks, with limited evidence around truncal blocks. 
 A Cochrane review evaluated ultrasound guid-
ance in the context of pediatric peripheral nerve 
blocks as well as neuraxial blockade. It included 20 
studies in the systematic review and concluded that 
high-grade evidence supports ultrasound guidance 
for peripheral nerve blocks, particularly in younger 
children, with improved success and quality.27 Anoth-
er systematic review of pediatric anesthesia literature 
showed similar findings, including that ultrasound 
guidance was faster than nerve stimulators but slower 
than landmark approaches but had overall improved 
block success and quality.28 General steps for per-
forming a nerve block are outlined in Table 3. 

Ultrasound-Guided Methods
Ultrasound can be used statically to identify struc-
tures of interest and make skin markings prior to 
the procedure. It can also be used dynamically to 

Table 3. General Steps for Nerve Blocks
1. Obtain consent per institutional policy. Observe universal precautions.
2. Assemble materials. (See Table 2, page 5.)
3. For larger-volume blocks, ensure the patient is on cardiorespiratory monitors.
4. Optimize patient and ultrasound machine positioning so the screen is in operator’s line of sight (machine 

might be across the bed).
5. Identify landmarks (pre-scan with ultrasound or mark/palpate).
6. Apply topical analgesia (if using) to puncture site and allow sufficient time for effect. Alternatively, after site 

prep, inject a wheal of lidocaine.
7. Don sterile gloves and prep site with antiseptic.
8. Apply ultrasound probe cover.
9. Re-identify landmarks (ultrasound or anatomic).
10. Insert and advance the needle to the target under direct ultrasound visualization and locate the needle tip. 

Advance to target or to estimated depth and any sensory guides such as tactile fascial pops.
11. Aspirate first to check for intravascular placement, then inject a small amount (~1 mL) of normal saline or 

local anesthetic. Visualize location of anesthetic spread on ultrasound to bathe nerve of interest or spread 
along expected fascial plane. Reposition needle if needed. 

12. Inject recommended volume of anesthetic in 3- to 5-mL aliquots, frequently aspirating as well as 
monitoring for hemodynamic changes that could be suggestive of intravascular injection or local 
anesthetic systemic toxicity. 

13. Stop procedure, check positioning, and reposition needle if patient reports sharp or shooting pain, 
paresthesia, or if high resistance to injection is encountered (concern for intraneural injection). 

14. When finished, withdraw needle. May apply bandage to site.
15. Mark the block site and time with skin marker. 
16. For higher-volume blocks, monitor for at least 30 minutes after last injection.
17. Document nerve block in medical record. 

Materials Setup

One Operator
• Needle-on-syringe method 

(control syringe if available).

Two Operators
• Block needle connected to 

built-in or intravenous extension 
tubing, then the syringe with 
anesthetic. 

• Tubing can be primed 
with normal saline or local 
anesthetic.

• One person holds needle and 
the ultrasound transducer.

• Second person manages 
syringe, aspiration, and 
injection. 

www.ebmedicine.net
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(See Appendix 2, page 22.) In the following sec-
tions, suggested volumes are noted, when possible, 
from studies of these blocks in children (note that 
anesthetic for plane blocks may need to be diluted). 
Specific situations pertinent to anatomical areas are 
highlighted here, though are not the exclusive indica-
tions or risks for a given nerve block. 

Facial Nerve Blocks
Table 4 lists indications, expected analgesia, and 
special considerations for facial nerve blocks. Table 
5, page 8 provides relevant anatomy for landmark-
based and ultrasound-guided facial nerve blocks, 
as well as the usual volume of anesthetic used (the 
volume will vary depending on the concentration of 
LA used). 
 
Analysis of the Evidence
The facial nerve blocks (supraorbital, infraorbital, and 
mental) can be performed with landmarks or can be 
visualized and blocked with ultrasound guidance; 
there is no definitive evidence to support one method 
over the other. 
 Nerve blocks of the ear of pediatric patients can 
present challenges in the ED. The classic approach 
to auricular block uses a diamond field block, which 
provides significant analgesia but requires a pro-
longed series of potentially painful injections. Two 
ultrasound guidance options for the earlobe and helix 
include the direct greater auricular nerve block and 
the superficial cervical plexus block. Both blocks have 
been described in adult ED patient case reports.32,34 

mended for less-experienced nerve-block opera-
tors.4 Care must be taken to avoid introduction of air 
bubbles with hydrodissection or LA injection, since 
this can obscure needle-tip visualization. While there 
are theoretical benefits of hydrodissection, including 
potential dose reduction of LA and improved needle-
tip visualization, controlled studies have not demon-
strated a change in LA volume, and further research 
is needed.30,31 Hydrodissection is best done with 2 
operators, where one operator holds needle position 
while the other exchanges the syringes. 

Injection Techniques
Before every injection, an operator should always 
aspirate the syringe to check for intravascular place-
ment. The needle should remain stationary during 
injections, with needle position adjustments per-
formed between injections. During large-volume 
blocks, operators should observe 30 seconds or more 
between injections to allow for fluid to track between 
fascial planes and observe for vital sign changes that 
may suggest intravascular epinephrine injection or 
signs of LAST.

n Common Peripheral Nerve Blocks 
This section reviews commonly used nerve blocks, 
including their indications, expected analgesia, and 
special considerations, as well as landmark and ultra-
sound guidance for performing these nerve blocks.  
Clinicians are encouraged to view multiple resources 
on each block while learning how to perform them. 

Table 4. Indications, Expected Analgesia, and Special Considerations for Facial Nerve 
Blocksa

Block Common Indications Expected Analgesia 
(Dermatome, Myotome, 
Osteotome)

Special Considerations, Risks of 
Complications

Supraorbital Forehead laceration (above eyebrow) Supraorbital trigeminal V1 (face 
above eyebrow)

Avoid passing orbital rim 

Infraorbital Cheek or upper-lip laceration Infraorbital trigeminal V2 (lower 
aspect of eye to upper lip, 
excluding nose)

Mental Laceration repair to chin or lower lip Lower lip, skin on anterior mandible Avoid direct injection into foramen

Auricular Auricular hematoma release, ear 
laceration, earring removal

Ear (can include any adjacent 
structures based on field block)

Requires multiple injections

Superficial cervical 
plexus

Earlobe laceration, earring removal, 
clavicle fracture

Superficial cervical nerve (earlobe, 
submandibular space, clavicle)

Can affect phrenic nerve, carotid puncture

Periapical Dental infection/trauma, apical abscess Individual tooth (less effective on 
lower teeth)

Anxiety with dental injections

Inferior alveolar nerve 
block

Dental infection/trauma, apical abscess Lower jaw, lower lip, and tongue Use control syringe, if available; challenging 
landmarks; requires significant patient 
cooperation; bite risk; facial nerve palsy 

aAvoid penetrating foramina
www.ebmedicine.net
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Table 5. Landmark and Sonographic Approaches to Facial Nerve Blocksa32-34

Block Landmark Sonographic Guidance Volumeb

Supraorbital • Palpate supraorbital notch/foramen.
• Approach inferiorly and place needle anterior to notch, instill LA.
• Injecting medial to notch may include supratrochlear nerve.

• Ultrasound guidance can be used to 
visualize foramen/nerve.

• Place the ultrasound probe in transverse 
plane over foramen.

• Visualize the nerve in the foramen.
• For real-time injection of LA, approach 

laterally.
• Inject LA anterior to nerve in foramen.

1-3 mL

Infraorbital • Intraoral approach preferred due to cosmetic considerations.
• Palpate infraorbital foramen.
• May use topical lidocaine at injection site in mouth.
• Lift lip and insert needle directly below foramen at mucobuccal fold 

(usually between canine and 1st premolar) in line with the pupil.
• Advance needle to anterior of foramen, inject LA .

2-4 mL

Mental • Palpate the mental foramen (below 1st premolar).
• Open mouth and apply topical LA.
• Insert needle at mucobuccal fold downward. 
• When needle is anterior to mental foramen, inject LA.

1-2 mL

Auricular • Locate 2 points on superior and inferior aspect of ear.
• Insert needle at inferior point and advance needle to point anterior 

to ear (level of tragus).
• Inject LA while withdrawing needle (but do not pull all the way out).
• Reposition needle to posterior aspect of ear and advance to 

approximate level of tragus.
• Inject LA while withdrawing needle.
• Repeat 2 LA injections in similar orientations from the point 

superior to ear.
• Resulting 4 injection lines will be a diamond-shaped field block.

• Position patient in lateral decubitus with 
affected side up.

• Probe parallel to thyroid cartilage inferior to 
mastoid.

• Locate the SCM as it tapers down (triangle 
appearance), the greater auricular nerve 
runs superficial to the SCM toward the ear.

• Approach the nerve posteriorly, inject LA.
• Ultrasound-guided greater auricular nerve 

block will not cover upper half of ear.

1-5 mL 
per tract

Superficial 
cervical plexus

• Ultrasound guidance is recommended to limit the number of 
injections and dose of LA used, relevant anatomy reviewed.

• Mastoid process insertion of SCM, C6 transverse process 
(palpable at SCM at level of cricoid cartilage).

• Position patient in lateral decubitus with 
affected side up.

• Probe parallel to thyroid cartilage inferior to 
mastoid.

• Locate the SCM as it tapers down (triangle 
appearance).

• Locate and avoid the carotid artery.
• Insert needle from posterior aspect and 

place needle in parallel to deep aspect 
of SCM, superficial to the levator spinae 
muscle beneath.

• Advance needle to just below the tapered 
edge of SCM, inject LA.

2-5 mL

Periapical • Consider topical LA.
• Insert needle at buccal fold of affected tooth toward its apex, inject 

LA.

• N/A 1-2 mL

Inferior alveolar 
nerve block

• Open the mouth and approach from the contralateral side
• Visualize the pterygomandibular triangle.
• Approach parallel to the occlusal surface of 1st/2nd premolars and 

advance needle until at mandible.
• Inject LA as needle is withdrawn.

• Place ultrasound transducer over 
zygomatic arch.

• Visualize the pterygomandibular space 
(may help to have the patient open mouth 
slightly).

• Needle approaches out of plane, extraoral 
and superior to probe.

• Advance needle into pterygomandibular 
space.

• Instill LA into pterygomandibular space.

1-3 mL

aVarious sensory nerve branches emerge through facial foramina, which are palpable. Injection of LA should be adjacent to—but not directly into—these 
spaces to avoid direct intraneural injection.

bTotal volumes must be verified against recommended maximums for the particular medication and concentration chosen to ensure appropriate dose.

Abbreviations: LA, local anesthesia; SCM, sternocleidomastoid.
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Table 6. Indications, Expected Analgesia, and Special Considerations for Upper 
Extremity Nerve Blocks35,36

Block Common Indications Expected Analgesia (Dermatome, 
Myotome, Osteotome)

Special Considerations, Risks of 
Complications

Interscalene (PX) Shoulder dislocation, proximal arm 
injuries

Shoulder, lateral arm (sparing ulnar 
distribution)

Phrenic nerve blockade, contraindicated 
in severe asthma and other chronic lung 
diseases

Supraclavicular (PX) Upper extremity injuries Shoulder and upper extremity, sparing 
proximal medial arm

Uncompressible large-vessel puncture risk, 
pneumothorax 

Contraindicated in high-energy both-bone 
forearm fractures (masking compartment 
syndrome risk)

Infraclavicular (PX) Upper extremity injuries Lateral arm, elbow, forearm, and hand, 
sparing proximal medial arm

Forearm (PN) (radial, 
ulnar, median)

Forearm injuries (block at elbow 
level)

Hand injuries (block at wrist/forearm 
level)

Hand, individual nerve distribution 
in general: radial-dorsal and lateral 
hand, median-thumb, index, middle, 
and ring fingers, ulnar-medial hand

May combine multiple PNs to cover desired 
sensory area

Preferred over local infiltration

Digital Finger injuries Each finger Vapocoolant spray helpful to reduce pain
Shield hand from view

Abbreviations: PX, brachial plexus; PN, peripheral nerves.
www.ebmedicine.net

Upper Extremity Blocks
Table 6 lists indications, expected analgesia, and 
special considerations for upper extremity nerve 
blocks. Table 7, page 10 provides relevant anatomy 
for landmark-based and ultrasound-guided upper 
extremity nerve blocks, as well as the usual volume of 
anesthetic used (the volume will vary depending on 
the concentration of LA used).

Analysis of the Evidence
Brachial Plexus Blocks
Regional anesthesia through brachial plexus blockade 
provides analgesia and/or anesthesia to the shoul-
der and upper extremity. It is performed at different 
anatomic levels by various approaches, depending on 
the indication. In young children, the interscalene ap-
proach is seldom used due to increased complications 
and limited indications.38 Supraclavicular and infracla-
vicular blocks are performed more frequently. A study 
of supraclavicular block versus procedural sedation for 
shoulder dislocation in adults (mean age 23.8 years) 
showed shorter length of stay for the nerve block group 
and found no difference with reduction success or pa-
tient-physician satisfaction.42 A comparison of brachial 
plexus blocks (specifically landmark-based axillary block 
with midazolam anxiolysis) with procedural sedation 
(ketamine and midazolam) for children undergoing ma-
nipulation of forearm fractures in a pediatric ED did not 
show any significant difference in pain scoring.43 Cost-
effective modeling in a pediatric ED showed propofol 
sedation is nearly equivalent in cost to axillary nerve 
block for fracture reduction and more cost-effective 
than midazolam with either ketamine or fentanyl.44

 

Forearm Blocks
A case series of 6 children undergoing ultrasound-
guided nerve blocks for pain management and frac-
ture reduction showed successful reduction without 
the need for rescue analgesia.45 A prospective de-
scriptive study of a convenience sample of 10 children 
with hand injuries found that the mean time to per-
form each of the 3 blocks (radial, median, and ulnar) 
was <79 seconds, and the mean post-block pain score 
was 0.8, decreased from initial pain score of 5.8.41

Digital Blocks
Figure 2 shows the landmark-based approach for 
transthecal digital nerve block. 

Reprinted from Operative Techniques: Hand and Wrist Surgery, 3rd 
Edition. Aviram M. Giladi, Kevin C. Chung. Procedure 1 Anesthesia of 
the Hand. Pages 3-12. Copyright 2018, with permission from Elsevier. 

Figure 2. Transthecal Digital Nerve Block

Proximal phalangeal 
bone

Digital crease
Flexor tendon

Flexor tendon sheath
Flexor digitorum profundus

Flexor digitorum 
superficialis

Volar digital nerve
Volar digital artery
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Table 7. Landmark and Sonographic Approaches to Upper Extremity Nerve Blocksa38-41

Block Landmark Sonographic Guidance Volumeb

Brachial Plexus
(Should always be performed under ultrasound guidance; only relevant landmark anatomy will be detailed)

Interscalene • Sternocleidomastoid muscle, upper border of 
the cricoid cartilage, and the clavicle.

• Place the probe parallel to and touching the clavicle.
• Identify subclavian artery and adjacent nerve bundle.
• Trace the nerve bundle cranially until it is sandwiched 

between 2 muscles (anterior and middle scalene).
• Use color Doppler to identify and avoid any vascular 

structure.

0.2-0.3 mL/kg
(max 15 mL)

Supraclavicular • Lateral border of sternocleidomastoid where it 
meets the clavicle.

• Place the probe parallel to and touching the clavicle.
• Identify the subclavian artery and the adjacent nerve 

bundle.
• Approach from posterolateral toward anteromedial, 

using an in-plane needle technique.

0.2-0.3 mL/kg
(max 25 mL)

Infraclavicular • The clavicle, the jugular fossa, the 
acromioclavicular joint, and the coracoid 
process.

• Turn the patient’s head away from the side of 
blockade. 

• Abduct the arm to 90° with the elbow flexed. 
• Place the probe in a parasagittal plane just medial to 

the coracoid process and inferior to the clavicle.
• Translate the probe laterally until it is lateral to the pleura.
• Identify the axillary artery, then attempt to identify the 

cords of the brachial plexus, if possible.
• Approach from cephalad side just inferior to the 

clavicle.
• Guide the needle in-plane posteriorly toward the 

posterior aspect of the axillary artery and deposit 
the LA. 

0.2-0.5 mL/kg
(max 30 mL)

Forearmc

(All forearm nerve scans begin with the probe placed in a transverse plane over the proximal wrist; 
once the anatomy is identified, translate the probe proximally to mid-forearm following the nerve of interest.)

Forearm, radial • Identify the radial styloid process. 
• Inject LA into the palmar aspect of the 

subcutaneous tissue of the wrist, aiming 
medially.

• Repeat on dorsal aspect. 

• Identify the radial bone and artery; the radial nerve is 
lateral (or radial) to the artery. 

• Needle typically inserted from radial side. (See 
Figure 3, page 11.)

0.1-0.3 mL/kg 
(typically 1-3 mL 
per nerve; max 4 
mL per nerve) 

Landmark 
approaches use 
larger volumes 
over a larger 
area (field 
block), requires 
10-15 mL for 
field block

Forearm, median • Identify palmaris longus and flexor carpi 
radialis tendons.

• Insert needle between the tendons through a 
fascial pop, inject LA.

• At the level of the wrist, the median nerve and 
tendons cluster together; moving proximally, the 
tendons will disappear, leaving only muscle and the 
median nerve.

• Typically, needle is advanced from the ulnar side.
• May consider out-of-plane approach. (See Figure 3, 

page 11.)

Forearm, ulnar • Palpate the flexor carpi ulnaris tendon at the 
level of ulnar styloid. 

• Inject LA both deep and superficial to the 
tendon to include the cutaneous branches.

• Identify the ulnar bone and artery; the nerve is 
medial (or ulnar) to the ulnar artery in a triangular or 
oval sheath.

• Needle approach from ulnar side. (See Figure 3, page 
11.)

Digital Transthecal approach (see Figure 2, page 9):
• Locate the flexor tendon at the level of the 

distal palmar crease. 
• Puncture the skin at a 45° angle distally until 

resistance is felt.
• Slowly withdraw the needle until loss of 

resistance to injection is felt, inject LA into 
synovial sheath.

• Alternatively, a circumferential “ring” block may 
be performed.

• N/A 0.05-0.1 mL/kg  
(typically 1-2 mL; 
max 2 mL per 
digit)

aHigh-level evidence is lacking regarding local anesthetic dosing for regional anesthesia in children, but the European Society of Regional Anesthesia 
and the Pain Therapy/American Society of Regional Anesthesia and Pain Medicine support a safe dose of 0.5-1.5 mg/kg ropivacaine or bupivacaine, 
which are most studied in upper extremity blocks.37

bTotal volumes must be verified against recommended maximums for the particular medication and concentration chosen to ensure appropriate dose.
cNerves may be blocked at the level of the elbow or wrist; elbow-level approaches may be found in the online materials. (See Appendix 2, page 22.)
Abbreviation: LA, local anesthesia.
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Lower Extremity Blocks
Table 8, page 12 lists indications, expected analgesia, 
and special considerations for lower extremity nerve 
blocks. Table 9, page 12 provides relevant anatomy 
for landmark-based and ultrasound-guided lower 
extremity nerve blocks, as well as the usual volume of 
anesthetic used (the volume will vary depending on 
the concentration of LA used). 

Analysis of the Evidence
Femoral Nerve Block
The femoral nerve block has been suggested for pain 
control in children with femoral fractures in the ED 
since 197950 and is reported in children as young as 
3 months.8 The femoral nerve block is often thought 
to be underused.51 Available evidence in pediatric ED 
patients is of limited quality at this time (class II evi-
dence). The demonstrated safety profile in the existing 
studies as well as promising positive results has made 
some institutions adopt it as a standard of care.46 

 An ED-based pseudo-randomized, unblinded, 
controlled trial of 67 patients that included 12 pe-
diatric patients with extracapsular femur fractures 
compared ultrasound-guided to landmark approach 
and demonstrated faster block onset and improved 
quality in the ultrasound-guided group, but it did not 
report subanalysis of pediatric patients.46 In addition, 
a retrospective cohort study in an urban pediatric 
trauma center evaluated quality of pain manage-
ment in 81 children before (50) and after (31) imple-
mentation of the use of ultrasound-guided femoral 
nerve blocks with ropivacaine in children with femur 
fractures awaiting definitive management. The study 
found that the nerve block group had less frequent 
systemic pain medication and nursing interventions.52

Fascia Iliaca Plane Block
The fascia iliaca plane block (FIPB) targets the femoral 
nerve as well as the obturator and lateral cutaneous 
nerves through injection of anesthesia into the fascial 
plane in which these nerves run. It is a particularly at-
tractive approach in that the needle does not go near 
the nerve or vascular structures. These blocks are 
now standard of care in adult emergency medicine 
practice, particularly in the management of pain from 
hip fractures in medically fragile elderly patients when 
there is particular concern for complications from 
opioid pain medication. 
 A systematic review of 9 studies conducted in the 
ED setting concluded that these blocks seem to be 
effective for pain control, reduce opioid need, and 
are associated with few complications. The authors 
of the systematic review suggest the blocks can be 
recommended in the ED setting, though further con-
trolled studies are needed.53 

 The pediatric evidence regarding FIPBs is quite 
limited and is summarized well in a Cochrane review,54 
with one new retrospective study identified.55 Of note, 

Figure 3. Forearm Nerve Blocks
Probe Positioning for Forearm Nerve Blocks

Volar aspect of forearm. Solid probe footprint corresponds to positioning 
to image and block radial and media nerves. Outlined probe footprint 
corresponds to positioning for ulnar nerve block. 

Radial and Median Nerves in Forearm

Ulnar Nerves in Forearm

Images courtesy of Lilly Bellman, MD;  Yiju Teresa Liu, MD; and William 
White, MD.
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Table 9. Landmark and Sonographic Approaches to Lower Extremity Nerve Blocks46-49

Block Nerve Location Landmark Sonographic Guidance Volumea

Femoral • Nerve runs lateral to the 
femoral artery and vein and 
lies deep to the fascia lata 
and iliaca but superficial 
to iliacus muscle; strongly 
favor ultrasound guidance, 
given close relationship to 
these large vessels.

• Feel for femoral pulse just 
inferior to inguinal crease

• Insert needle lateral to 
femoral nerve pulsation, 90° 
to skin through “pop” of fascia 
lata and iliaca layers.

• Aspirate prior to LA injection 
to ensure not in a vessel.

• Position transducer parallel to the inguinal 
crease.

• Identify femoral vessels, nerve, and fascial 
layers.

• Needle inserted lateral to nerve and must pierce 
the fascia iliaca layer. (See Figure 4, page 13.)

0.3 mL/kg 

(max 20 
mL)

Longer-
lasting LA

Fascia 
iliaca

• Fascia iliaca covers the 
iliacus muscle over the 
pelvic floor; the femoral, 
lateral femoral cutaneous, 
and obturator nerves run in 
this plane.

• Similar technique to femoral 
nerve block as above; 
however, more lateral 
insertion point and larger 
volume injection (one-third 
distance anterior superior iliac 
spine to pubic tubercule).

• Aim needle in slightly cranial 
direction.

Infrainguinal (stay-away technique femoral block):
• Identify femoral nerve as above. 
• Insert needle from lateral approach; target 1-2 

cm lateral to femoral nerve. (See Figure 4, page 
13.)

Suprainguinal
• Probe in parasagittal/oblique angle over the 

inguinal ligament, marker toward umbilicus
• Pelvic brim, and “bow-tie” of sartorius and 

internal oblique muscles overlying the fascia 
iliaca. 

• Advance the needle from inguinal ligament area 
toward umbilicus until pierces fascia iliaca. 

Both methods: LA spread under fascia

0.5 mL/kg 
(max 30 mL) 

Longer-
lasting, 
dilute LA

Popliteal 
sciatic

• Distal sciatic nerve splits 
into tibial and common 
peroneal nerves just 
proximal to popliteal 
fossa. It lies between 
biceps femoris and 
semimembranosus 
muscles and superficial 
and lateral to the popliteal 
artery and vein.

• Recommend ultrasound 
approach; deep and variable 
target. 

• Position patient in prone or lateral decubitus 
position with knee on pillow. 

• Position ultrasound in transverse orientation in 
the popliteal fossa.

• Identify nerves superficial and lateral to the 
popliteal vessels.

• Scan proximally several cm to where the 2 
nerves merge into the distal sciatic.

• Needle is guided from lateral insertion point. 
(See Figure 5, page 13.)

0.3 mL/k 
(max 20 mL)

Posterior 
tibialis

• Tibial nerve runs posterior 
to the tibial artery behind 
the medial malleolus. Avoid 
Achilles tendon with needle 
insertion.

• Palpate posterior tibial artery.
• Insert needle posterior to the 

pulsation, toward opposite 
malleolus.

• If bone is hit or paresthesia 
felt, withdraw slightly, inject 
LA.

• Position patient supine with lower limb externally 
rotated.

• Position ultrasound in transverse orientation 
posterior to medial malleolus.

• Identify nerve posterior to artery.
• Track nerve proximally proximal to Achilles 

(further from artery).
• Needle can be advanced from either side of the 

transducer.
• Block amenable to out-of-plane approach. (See 

Figure 6, page 14.)

0.1-0.3 mL/kg 
(typically 
3-5 mL;  
max 5 mL)

aTotal volumes must be verified against recommended maximums for the particular medication and concentration chosen to ensure appropriate dose.
www.ebmedicine.net

Table 8. Indications, Expected Analgesia, and Special Considerations for Lower 
Extremity Nerve Blocks
Block Common Indications Expected Analgesia (Dermatome, 

Myotome, Osteotome)
Special Considerations, Risks of 

Complications

Femoral Femur fracture, knee injury Anterior thigh, medial knee, medial leg below 
knee; quadriceps muscles (motor and 
sensory); hip, knee, ankle joints; femur

Contraindicated for tibial plateau 
fracture (masking compartment 
syndrome risk)

Lower risk for direct nerve or vessel injury
Fascia iliaca Femur fracture, knee injury Similar to femoral 

Popliteal sciatic Achilles tendon injury, select low-
mechanism fractures (discuss with 
orthopedics first)

Lower limb beneath knee except a medial 
strip (saphenous nerve); tibia (except very 
distal medial malleolus), fibula, bones of foot

Contraindicated for tibial plateau 
fracture (masking compartment 
syndrome risk), fall risk (foot drop)

Posterior tibialis Sole of foot injury, foreign body removal Majority of sole of foot and deeper structures Fall risk

www.ebmedicine.net
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2 studies (a prospective randomized controlled trial47 
and a retrospective study56) evaluated landmark-based 
FIPB in the pediatric ED population. These studies 
found reductions in pain scores, decreased pain medi-
cation need, and low rates of adverse effects. The 
prospective study also found increased satisfaction 
with the FIPB. The Cochrane review authors stress that 
the pediatric ED studies of FIPB are limited in quality 
due to questions of clinical significance of measured 
outcomes as well as potential bias in the prospective 
study. Ultrasound-guided FIPB in the anesthesia litera-
ture has promising results for postoperative pain57-59 
and is an area of active study in the ED environment. 
A 2022 multicenter retrospective study reviewed 85 

Figure 4. Fascia Iliaca Plane Nerve Block
Probe Positioning for Fascia Iliaca Plane Nerve Block (Inguinal Area)

Right Inguinal Area 

Abbreviation: FIPB, fascial iliaca plane block.
Images courtesy of Lilly Bellman, MD;  Yiju Teresa Liu, MD; and William 

White, MD.
www.ebmedicine.net

Needle targets
Femoral nerve block
FIPB

Fascia lata
Fascia iliaca
Femoral nerve
Femoral artery

Figure 5. Popliteal Sciatic Nerve Block
Probe Positioning for Popliteal Sciatic Nerve Block 

(Proximal to Popliteal Fossa)

 Posterior Thigh, Transverse Orientation
 Proximal to Popliteal Fossa

Images courtesy of Lilly Bellman, MD;  Yiju Teresa Liu, MD; and William 
White, MD.
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ultrasound-guided FIPB and femoral nerve blocks in 
children (aged 2-9 years) with femur fractures and de-
scribed the population, practice patterns, and safety 
profile. The authors of that study reported that most 
patients got intravenous opioids preprocedurally, ropi-
vacaine for the block, and reported no block-related 
complications or adverse effects.55

 Overall, high-quality evidence is lacking, but the 
results of existing studies point toward improved pain-
control outcomes with use of femoral nerve and FIPBs 
with few complications. For EB Medicine grades of 
evidence, FIPB is supported by class II evidence in the 
pediatric population, and class I in adult literature. 

Popliteal Sciatic Nerve Block
Anesthesiologists frequently use sciatic nerve blocks 
in the setting of foot and ankle surgeries.60 This nerve 
block is recognized and reported in case series as 
useful in the ED for pain control below the knee, 
for management of calcaneal fractures, lacerations, 
abscesses, and burns.61,62 In addition, there is a case 
report of its use in a 6-year-old patient for laceration 
repair.63 Several controlled studies in both adults and 
children in the perioperative setting demonstrate 
benefit to ultrasound guidance as opposed to nerve-
stimulator guidance, demonstrating improved rates 
of success, block quality, and decreased volume of 
anesthetic.48,64,65 An anatomical study of cadavers of 
a range of ages from infants to adults demonstrated 
significant variation of the distal sciatic nerve and its 
branching patterns, further supporting use of ultra-
sound guidance, rather than other approaches, to lo-
calize and guide blocks of this nerve and branches.66

 This nerve block may affect motor function and 
result in foot drop, so protection of the leg and as-
sistance with ambulation until the block resolves is 
paramount. To avoid the motor blockade, some ED 
investigators in a case series describe ultrasound-
guided blocking more distal cutaneous branches of 
the sciatic nerve for pain control in the setting of a 
burn and in cellulitis.62

 While this block would be a clear candidate for 
management of pain from tibial and fibular frac-
tures, tibial fractures (especially diaphyseal and tibial 
plateau) and those with high-energy mechanisms 
are considered to be at high risk for compartment 
syndrome.67 Blocks in these cases should be consid-
ered only if requested by the orthopedist and would 
require close neurovascular monitoring to avoid po-
tential delayed diagnosis of compartment syndrome. 

Posterior Tibial Nerve Blocks
Posterior tibial nerve blocks performed with the land-
mark approach are commonly described in procedur-
al texts across several fields. They are recognized as 
an important technique for anesthetizing the majority 
of the plantar surface of the foot, which can be a dif-
ficult and painful area for local infiltration. This nerve 
block can then facilitate procedures such as laceration 
repair and removal of plantar foreign bodies. Despite 
being commonly referenced, there is relatively little 
controlled study of the use of these blocks in the ED.
 Using ultrasound for guidance of this block is 
a newer technique first described in a letter to the 
editor,68 in which it was explored in an attempt to 
improve success of the block and reduce risk for 
intravascular injection. Anecdotally, the authors 
reported increased success, decreased amount of 
anesthetic needed, and improved patient comfort. 
The strongest evidence suggesting ultrasound over 
landmark-based posterior tibial block comes from a 
compelling blinded randomized controlled trial of 18 

Figure 6. Posterior Tibial Nerve Block
Probe Positioning for Posterior Tibial Nerve Block (Medial Ankle)

 Lower Leg, Proximal to Medial Malleolus

Images courtesy of Lilly Bellman, MD;  Yiju Teresa Liu, MD; and William 
White, MD.
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paid volunteers.69 This study found greater block suc-
cess in the ultrasound-guided group (72% complete 
blocks vs 22% complete blocks for landmark). While 
the ultrasound-guided blocks took longer to perform 
and were associated with more needle redirections, 
subjects still preferred the ultrasound-guided block. 
Within the pediatric emergency context, there is 
1 case report of ultrasound-guided posterior tibial 
nerve block in an adolescent for a complex foreign 
body removal.49 

Truncal Nerve Blocks
Table 10 lists indications, expected analgesia, and 
special considerations for upper extremity nerve 
blocks. Table 11 provides relevant anatomy for 
landmark-based and ultrasound-guided upper ex-
tremity nerve blocks, as well as the usual volume of 
anesthetic used (the volume will vary depending on 
the concentration of LA used).

Table 10. Indications, Expected Analgesia, and Special Considerations for Truncal Nerve 
Blocks
Block Common Indications Expected Analgesia (Dermatome, 

Myotome, Osteotome)
Special Considerations, Risks 

of Complications

Serratus anterior Rib fractures, post thoracostomy, pain 
management

Anterior and lateral chest wall 
multidermatomal analgesia

Pneumothorax

Erector spinae plane Rib fractures, chest wall trauma Both anterior and posterior branches of 
the spinal nerves for multidermatomal 
analgesia of the thoracic trunk

Block failure, needs maximum 
sterility (continuous with 
epidural space)

Transversus abdominis 
plane

Abdominal wall procedures, postoperative 
pain management, inguinal hernia 

T10-L1, depending on approach; provides 
somatic analgesia of the abdominal wall 
including the parietal peritoneum

Intraperitoneal violation risk

www.ebmedicine.net

Table 11. Landmark and Sonographic Approaches to Truncal Nerve Blocksa38,70-72

Block Nerve Location Landmark Sonographic Guidance Volumeb

Serratus anterior • Multiple nerves, including 
cutaneous intercostal 
nerves, emerge in a 
plane between latissimus 
dorsi and serratus 
anterior muscles.

• 5th rib in anterior 
axillary line

• Position patient supine or lateral decubitus.
• Orient transducer transversely between posterior and 

midaxillary lines.
• Identify serratus anterior muscle deep to the latissimus 

dorsi at the 4th/5th rib level.
• Advance needle, inject LA hydrodissecting the plane 

between the muscles.

0.4 mL/kg 

(max 40 
mL)

Erector spinae 
plane 

• Dorsal rami emerging 
from spinal cord are 
targeted via LA spread 
in a fascial plane 
between erector spinae 
muscle group and 
the periosteum of the 
transverse processes of 
the spine.

• 3 cm lateral to 
midline of the 
corresponding 
target spinal level 
(eg, T5)

• Position patient seated, prone, or lateral decubitus.
• Position ultrasound in longitudinal orientation lateral 

from midline to identify the transverse process of the 
spine.

• Advance needle in plane from cranial or caudal 
direction.

• Inject LA targeting space between the erector spinae 
muscles and transverse process.

0.3-0.5 mL/
kg per side 
(max 30 mL 
total)

Transversus 
abdominis plane

• Multiple sensory 
nerves innervating the 
abdominal wall pass 
through the fascial 
plane between internal 
oblique and transversus 
abdominis muscles.

• Lower costal 
margin, iliac crest

• Position the patient supine or lateral decubitus.
• Position ultrasound in transverse orientation in the 

midaxillary line between the subcostal margin and the 
iliac crest.

• Identify the 3 abdominal muscles layers (from 
superficial to deep: external oblique, internal oblique, 
and transversus abdominis).

• Needle approaches from anterior side of the transducer. 
• Inject LA in the plane between the internal oblique and 

the transversus abdominis muscles.

0.3-0.5 mL/
kg per side 
(max 30 
mL)

aThese nerve blocks should always be performed under ultrasound guidance (only the relevant landmark anatomy to guide ultrasound positioning is 
detailed).

bTotal volumes must be verified against recommended maximums for the particular medication and concentration chosen to ensure appropriate dose.
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n Nerve Block Complications  
Nerve blocks are considered generally safe and effec-
tive, but clinicians should be aware of potential compli-
cations associated with them. In a prospective obser-
vational study over 8 years of 104,393 blocks in 91,701 
pediatric patients from ages neonate to 18 years 
primarily under general anesthesia by anesthesiologists 
using a mixture of landmark and ultrasound approach-
es, complications were rare with no permanent neuro-
logic deficits, 2.4:10,000 events of transient neurologic 
effects, and 53:10,000 cutaneous infections.85 There 
are limited data on complications of nerve blocks in 
pediatric patients in the emergency setting.

Peripheral Nerve Injury
A primary concern of injury during nerve blocks is 
intrafascicular nerve injection (injection into nerve 
fascicles). Ultrasound can be used to detect intraneu-
ral LA injection (level II), but ultrasound alone has not 
been shown to reduce the incidence of nerve injury 
with regional anesthesia. Direct monitoring of injec-
tion pressure, ideally using a manometer (though 
often not available in ED setting), can be used to 
prevent direct nerve injection, with goal injection 
pressure <15 PSI.29 An air column introduced into the 
syringe can be monitored during injection, and reduc-
tion of the volume of the air column with injection 
pressure to <50% indicates the pressure is unlikely to 
cause damage (the air should not be injected during 
the nerve block).86,87 Patients may complain of sud-
den, significant pain or new paresthesias during injec-
tion, indicating possible intrafascicular injection; lack 
of this, however does not rule out intrafascicular nerve 
injection.64,88 Special care should be taken in non-
verbal or preverbal children who may not be able to 
communicate these sensations during the procedure. 

Analysis of the Evidence
Truncal blocks were developed in the past decade.70,73 
To date, most evidence of ED indications and efficacy 
are adult case reports and series, including 1 report of 
use for pain control in a 24-year-old patient with acute 
appendicitis.74-78 While anesthesia literature demon-
strated efficacy in perioperative patients that may be 
translated to the ED, no literature exists for truncal 
blocks for pediatric patients in the ED.79 

Genitourinary Nerve Blocks
Table 12 lists indications, expected analgesia, and 
special considerations for upper extremity nerve 
blocks. Table 13 provides relevant anatomy for 
landmark-based and ultrasound-guided upper ex-
tremity nerve blocks, as well as the usual volume of 
anesthetic used (the volume will vary depending on 
the concentration of LA used). 
 There is high-level evidence supporting the use of 
a dorsal penile nerve block for pain control in neonatal 
circumcision.80 It is typically performed by landmarks. 
There is conflicting evidence regarding whether ultra-
sound guidance improves this block. In the anesthesia 
literature, a randomized controlled trial of 40 children 
suggested some efficacy advantage to ultrasound 
guidance.81 In contrast, a prospective observer-blind-
ed randomized trial that compared ultrasound guid-
ance to landmarks in 310 children aged 12 weeks to 
11 years who were undergoing circumcision found no 
significant difference in postoperative pain medication 
requirements.82 Both studies had longer procedure 
times in ultrasound-guided groups.81,82 In the ED 
setting, case studies show effective use of ultrasound-
guided dorsal penile nerve block in the management 
of zipper entrapment injury83 as well as for paraphimo-
sis reduction84 in adult patients. 

Table 12. Indications, Expected Analgesia, and Special Considerations for Genitourinary 
Nerve Blocks
Block Common Indications Expected Analgesia (Dermatome, 

Myotome, Osteotome)
Special Considerations, Risks 

of Complications

Dorsal penile Circumcision, penile trauma, paraphimosis 
reduction, zipper entrapment

Penis, sparing the frenulum Local trauma, bleeding

www.ebmedicine.net

Table 13. Landmark and Sonographic Approaches to Genitourinary Nerve Blocks38

Block Nerve Location Landmark Sonographic Guidance Volumea

Dorsal 
penile

• The dorsal penile nerves 
emerge from the pelvis 
and travel along the 
dorsal penile vasculature 
in Buck fascia.

• Inject LA at the 2 o’clock and 10 
o’clock positions of the dorsal 
base of the penis.

• Alternatively, a circumferential 
“ring” block may be performed.

• Probe in transverse orientation at the base 
of penis.

• Puncture through Buck fascia in-plane with 
probe and inject LA around dorsal penile 
nerves lateral to the dorsal arteries.

0.1 mL/kg per 
side  
(max 5 mL)

aTotal volumes must be verified against recommended maximums for the particular medication and concentration chosen to ensure appropriate dose.
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tation early in the treatment of LAST. Patients with 
brief and mild CNS symptoms should be observed 
for at least 2 hours after injection (IIa, B). Patients 
with severe CNS symptoms or cardiac events should 
be admitted with at least 4 to 6 hours of continuous 
cardiac and neurologic observation.

Vascular Injection or Injury
Direct intravascular injection increases the risk for car-
diac toxicity of LAs. Hematomas are possible at the 
puncture site, from inadvertent vascular puncture or 
anywhere along the needle’s path. Most hematomas 
can be managed with direct pressure. Pursue surgical 
consultation for any rapidly expanding hematoma or 
one that cannot be controlled with direct pressure.

Pneumothorax
Pneumothorax is a risk from any nerve block near the 
pleura. The risk can be reduced with constant visu-
alization of the needle tip and by avoiding pleural 
puncture with ultrasound guidance. Have a high 
index of suspicion for pneumothorax if a patient de-
velops respiratory distress, hypoxia, and/or decreased 
breath sounds on the side of the block. There is no 
published incidence of this in pediatric patients, but 
it is rare in adults, with a study of 6366 periclavicular 
blocks showing only 4 episodes (0.06%) of clinically 
significant pneumothorax.89 

Local Anesthetic Systemic Toxicity 
Any clinician using LA should be familiar with the 
diagnosis and management of LAST. (See Table 14.) 
The topic of LAST in all ages was reviewed by the 
Third American Society of Regional Anesthesia and 
Pain Medicine Practice Advisory on Local Anesthetic 
Systemic Toxicity from 2017, with evidence-graded 
recommendations.10 LAST is uncommon in adults, 
with incidence around 1 to 1.8:1000, and less 
common in pediatric patients, 0.4 to 1:10,000.10,85 Of 
note, however, infants aged <1 year were identified 
as a particularly high-risk population for LAST.10 
Ultrasound guidance reduces the incidence of LAST 
but does not eliminate the risk (I, B). 
 LAST is a multisystem syndrome of predominantly 
the cardiac and central nervous systems (CNS). If 
unrecognized, LAST can lead to significant morbidity 
and mortality. The presentation can be variable and 
unpredictable. Cardiac and CNS complications can 
present independently and without the warning of 
mild symptoms. Clinicians should have a high index 
of suspicion for LAST even with an atypical presenta-
tion (I, B). Intravascular injection may show symptoms 
of LAST within seconds of injection. 
 
Treatment of Local Anesthetic Systemic Toxicity
Treatment of LAST requires early recognition and 
action. Consider using a treatment checklist available 
with the block supplies or on the block cart to review 
key points.90 Management of the airway is important, 
as hypoxia and acidosis will worsen LAST (I, B).  
 Lipid emulsion therapy is the cornerstone of 
medical management. Epinephrine should be used in 
smaller doses than usual (≤1 mcg/kg; IIa, B).10 Vaso-
pressor therapy during cardiac arrest in LAST requires 
unique attention. Consider extracorporeal resusci-

Table 14. Local Anesthetic Systemic 
Toxicity Diagnosis and Management10

Risk Factors for LAST
• Age <1 year
• Low muscle mass (neonates)
• Female sex more often than male sex
• Cardiac abnormalities
• Liver disease
• Metabolic disease (diabetes, mitochondrial disease, carnitine 

deficiency)
• Bupivacaine higher risk than ropivacaine (all LAs have potential to 

cause LAST)

Diagnosis (Symptoms and Progression Variable)
• Central nervous system, mild: agitation, tinnitus, auditory changes, 

metallic taste, perioral numbness, dysarthria, new psychiatric 
symptoms

• Central nervous system, severe: coma, seizure, apnea
• Cardiac toxicity: tachycardia, hypertension, ventricular arrhythmias
• Cardiac depression: bradycardia, atrioventricular block, decreased 

contractility, asystole

Measures to Prevent LAST
• Ultrasound guidance
• Use lowest effective doses of LA
• Use lower concentrations of LA
• Inject no more than 3-5 mL of LA at a time, pause 30 seconds after 

each injection 
• Aspirate prior to each injection
• Epinephrine injected IV (combined with LA) will raise heart rate >10 

beats/min and SBP by 15 mm Hg

Treating LAST (Consider Keeping This Information With Block 
Equipment)

Initial steps:
• ABCs: manage airway and ventilate with 100% oxygen
• Treat seizures with benzodiazepines
• Alert the nearest extracorporeal cardiopulmonary resuscitation site 

Cardiac measures:
• Anticipate prolonged advanced life-support efforts
• Limit epinephrine to ≤1 mcg/kg per dose
• Amiodarone 5 mg/kg is the preferred medication for ventricular 

arrhythmias
• Avoid vasopressin, calcium-channel/beta blockers, lidocaine, 

procainamide, and propofol 

20% lipid emulsion:
• 1.5 mL/kg over 1-2 minutes (may repeat every 5 min up to 3 times if 

unstable)
AND
• Continuous infusion at 0.25 mL/kg/min; double infusion rate to         

0.5 mL/kg/min if hypotension persists

• Continue infusion for at least 10 minutes after patient stabilizes 

Abbreviations: ABC, airway, breathing, and circulation; IV, intravenous; 
LA, local anesthesia; LAST, local anesthetic systemic toxicity; SBP, 
systolic blood pressure.
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ment, particularly by child and adult neurologists.96 
A growing body of literature suggests these blocks 
are safe and effective in adults with acute and chronic 
headache.97,98 The American Headache Society has 
published expert consensus recommendations detail-
ing the procedures and their use in adult patients with 
a variety of headache syndromes.99 A 2019 systematic 
review and meta-analysis of 9 studies demonstrated 
reduction in number of headache days as well as se-
verity.97 A 2022 systematic review and meta-analysis 
of 9 studies indicated that greater occipital nerve, 
sphenopalatine ganglion, and trigger point injections 
produced rapid pain control compared to placebo 
detectable at 15 and 30 minutes post procedure, and 
therefore support its use in the ED and outpatient 
clinics. They particularly suggest the sphenopalatine 
ganglion block (given as intranasal lidocaine) as a 
noninvasive and low-risk option.98 
 In the pediatric literature, there are no controlled 
studies but rather retrospective reviews and case 
series, as well as anecdotal evidence.96,100-102 Among 
pediatric patients, nerve blocks have primarily been 
studied in chronic headache patients as well as post-
traumatic headaches,102 and in a small case series of 
children with ventriculoperitoneal shunts,103 but none 
thus far in an ED setting. The largest retrospective re-
view is of 46 patients aged 7 to 17 years who received 
unilateral greater occipital nerve blocks (2% lidocaine 
with methylprednisolone acetate adjuvant) at a head-
ache specialty clinic.104 Over half of the patients expe-
rienced significant benefit within a mean of 4.7 days 
and with duration of benefit lasting a mean of 5.4 
weeks. One study of 28 children aged 10 to 17 years 
with posttraumatic headaches also reported positive 
patient satisfaction, with 91% of the patients stating 
they would recommend the block to a friend.102 
 Dubrovsky presents his positive personal experi-
ence in the pediatric ED in a 2017 review.100 These 
blocks could be of interest to emergency clinicians for 
pain control in patients with severe headaches who 
do not respond to usual abortive treatments. Duration 
of pain control described in the literature is variable 
but often outlasts the duration of the local anesthetics 
used.99,105 Blocks have been mostly performed using 
landmarks, but ultrasound106 and nerve stimulation107 
guidance have been evaluated in small studies. In ad-
dition, a lower C2 level ultrasound-guided approach 
has also been studied in the pain management litera-
ture.108,109 Best practices in terms of optimal choice 
of LA, decision to use adjuvant corticosteroids, and 
frequency of blocks remain to be determined.100 

Management of Visceral Pain
Regional anesthesia aimed at blocking peripheral 
abdominal wall nerves, including the transversus 
abdominis plane and rectus sheath blocks, are being 
used by anesthesiologists to control postoperative 
pain after common intra-abdominal surgeries,110 and 

n Special Populations 
In general, LA pharmacokinetics in pediatric and 
adult populations are similar, but always remember 
to check (and even double-check) doses and volumes 
based on the weight of the patient. Infants and young 
pediatric patients may have larger volumes of distri-
butions, less serum protein binding of LA, and lower 
esterases that break down LA, but these biological 
differences do not seem to have significant clini-
cal impact on the safety of single injections of LA in 
pediatric populations as long as appropriate doses 
are used.9 These pharmacokinetic factors should be 
considered for multiple injections and continuous 
infusions of LA in pediatric patients.
 Limited data exist on the effects of LA use in pop-
ulations with cardiac channelopathies, but a study of 
28 adult patients showed no arrhythmias or issues on 
continuous cardiac monitoring during and after dental 
procedures using LA with and without epinephrine.91 
Expert opinion advises caution with sodium channel 
blockade in patients with channelopathies, without 
clear dosing guidelines for adjustments. Patients with 
mitochondrial defects and carnitine deficiency are 
considered to be at increased risk for LAST in associa-
tion with bupivacaine usage.92 
 Patients with a bleeding diathesis should be 
considered high-risk for hematoma or bleeding after 
nerve blocks. In their 2020 guidelines, the World Fed-
eration of Hemophilia recognizes that LA use is safe 
in limited settings (eg, for dental procedures) when 
factor levels are appropriate, and should be used with 
a small-sized needle and with epinephrine to mini-
mize bleeding.93 Deeper blocks involving intramus-
cular injections are high-risk in patients with bleeding 
diathesis and should be performed only by an expert 
operator and in consultation with hematology.
 Developmentally delayed or intellectually disabled 
pediatric patients present a common population in the 
ED who may be considered for nerve blocks. Patients 
with intellectual disabilities or limited communication 
may be considered to be at higher risk for compli-
cations, but they should still be given appropriate 
anxiolysis and analgesia. A case series of 62 pediatric 
patients with cerebral palsy with moderate to severe 
intellectual disability showed that LA as part of opera-
tive repair of extremity deformity was safe and effec-
tive.94 Monitoring of these patients should include 
discussion and input from the parents and caregivers, 
as they may be most familiar with how the patient may 
present discomfort or other concerning symptoms for 
possible nerve block complications.95

n Controversies and Cutting Edge 
Management of Headaches
Peripheral nerve blocks targeting the greater oc-
cipital nerve and sphenopalatine ganglion are being 
used for acute and chronic headache pain manage-
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specific aspects of the physical examination during 
hospital stay. Depending on your hospital policy or 
agreement with other services, certain blocks may 
need to be discussed with specific services (ortho-
pedics, anesthesia, etc) before they are performed. 
Additionally, it is important to communicate that a 
block was performed so the receiving care team can 
be aware of expected anesthesia and its duration.

n Summary  
Pediatric patients may benefit from a wide variety of 
nerve blocks to reduce pain, facilitate procedures, 
and improve patient and caregiver satisfaction as 
part of multimodal pain control strategies. Data and 
reports of nerve blocks on pediatric emergency pa-
tients are limited, but are evolving. Existing literature 
indicates that nerve blocks are safe and effective in 
pediatric populations, particularly with skilled ultra-
sound guidance. Clinicians should feel comfortable 
performing an appropriate nerve block in a pediatric 
patient in the ED even if there are no current reports 
of its use in that setting. 
 Care must be taken in the selection and dosing of 
LA, including use of lean body weight, when appro-
priate. It is important to utilize thoughtful pediatric 
resources such as caregivers, child-life specialists, and 
anxiolysis to assist in performing nerve blocks. Clini-
cians who perform nerve blocks should be knowl-
edgeable of potential complications of nerve blocks, 
including injury to local structures and risk for LAST.  

n Time- and Cost-Effective Strategies 
For appropriate pediatric patients and procedures, 
nerve blocks may eliminate the need for procedural 
sedation. One cost-analysis study suggested nerve 
blocks may be approximately equivalent to cost com-
pared to propofol sedation and can provide similar 
analgesia to sedation with shorter ED stays.44

 Assembling supply bundles or a “block cart” 
containing commonly needed materials, references 

are supported by strong evidence for pain control 
and reduced need for opioid pain medication in 
adults111,112 and in children.113,114 In addition, the 
more novel ultrasound-guided erector spinae plane 
block mechanism is still being fully elucidated but is 
thought to include the dorsal and ventral rami of the 
emerging spinal nerves via anesthetic spread similar 
to epidural anesthesia.115 The erector spinae plane 
block has shown some promise in providing anesthe-
sia to visceral nerves in the alleviation of difficult-to-
manage visceral pain.115 
 Use of these blocks in the ED preoperatively or 
even without planned surgery is an emerging area of 
interest. Promising results with excellent pain control 
in adults have been shown in case studies of transver-
sus abdominis plane block72 as well as erector spinae 
plane block for appendicitis pain.78 Nonoperative 
pancreatitis pain control lasting many hours was also 
demonstrated in a case study with a T7 level erector 
spinae plane block.116

 To our knowledge, similar cases or studies have 
not yet been conducted in children for acute abdomi-
nal pain in preoperative or nonoperative scenarios, 
but this presents an area open for investigation. 

n Disposition 
Patients undergoing a larger-volume plane block 
should be monitored throughout the procedure with 
continuous cardiac, blood pressure, and oxygen satu-
ration monitoring. These patients should be moni-
tored throughout the procedure and observed for 30 
minutes following the block for evidence of LAST.10 
Discharged patients should be given strong ED return 
precautions for symptoms that suggest compartment 
syndrome, persistent paresthesia, or infection. They 
should also be reminded of the motor and sensory 
deficits they will experience after the block. Patients 
who have a dense motor block of an extremity may 
benefit from a sling to protect their arm or a splint to 
protect their leg while the block is resolving.
 Some admitting services may want to follow 

For the 12-year-old girl with the laceration on the sole of her foot…

You performed a posterior tibial nerve block using 1% lidocaine and ultrasound guidance. Excellent region-
al anesthesia was achieved, and you were able to irrigate the wound and repair it with minimal discomfort 
to the patient. 

For the 8-year-old patient with femur fracture after being struck by a motor vehicle…

You discussed the case with your orthopedics colleagues. With their agreement, you performed an ul-
trasound-guided fascia iliaca plane block using ropivacaine to ensure lasting pain relief while the patient 
awaits surgery. Because this was a high-volume block, you made sure to observe him on cardiorespiratory 
monitors for 30 minutes after completing the block, and there were no subsequent signs concerning for 
development of LAST.
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(including a LAST checklist), as well as emergency 
supplies (eg, intralipid) can save time and simplify the 
process of preparation. This can increase adoption of 
the procedures in an ED.117

Risk Management Caveat: High-volume blocks 
(approaching safe maximum dose or >10 mL; which-
ever is smaller) require monitoring. Do not hesitate 
to observe a patient for 30 minutes or more if you 
suspect they may be at higher risk for developing 
LAST despite safe LA dose by lean weight. Nonverbal 
patients may be unable to communicate the symp-
toms of interneural injection or LAST. Nerve blocks 
are a powerful tool, but clinicians must use their best 
judgment in weighing risks and benefits of these 
procedures, especially in very young or medically 
complex patients.

n Additional Resources for Learning 
   Nerve Blocks 

Multiple internet resources are available to cover the 
indications, equipment, and procedural steps of each 
block. Appendix 2, page 22 contains a curated list of 
internet resources, articles, and videos with web links. 
Additionally, to improve comfort with a specific block, 
clinicians can practice visualizing ultrasound block 
targets in healthy individuals to do mental practice of 
the process of a nerve block. Practicing needle guid-
ance can be done with ultrasound phantom models 
(purchased or do-it-yourself118,119) or in cadaver 
laboratories. Several courses are available to improve 
nerve block skills.

Appendix 1. Statements of Evidence, Grades of Recommendations, and Class of 
Evidence Definitions*
Statements of Evidence

Ia: Evidence obtained from meta-analysis of RCTs
Ib: Evidence obtained from at least 1 RCT
IIa: Evidence obtained from at least 1 well-designed controlled study without randomization
IIb: Evidence obtained from at least 1 other type of well-designed quasi-experimental study
III: Evidence obtained from well-designed nonexperimental descriptive studies, such as comparative studies, correlation studies, and case reports
IV: Evidence obtained from expert committee reports or opinions and/or clinical experience of respected authorities

Grades of Recommendations

A: Requires at least 1 prospective RCT as part of a body of literature of overall good quality and consistency addressing the specific recommendation 
(evidence levels Ia and Ib)
B: Requires the availability of well-conducted clinical studies, but no prospective, randomized clinical trials on the topic of recommendation (evidence 
levels IIa, IIb, III)
C: Requires evidence obtained from expert committee reports or opinions and/or clinical experiences of respected authorities. Indicates an absence of 
directly applicable clinical studies of good quality (evidence level IV)

Source: United States Department of Health & Human Services Agency for Health Care Policy and Research. 
Available at: https://www.ncbi.nlm.nih.gov/books/NBK52152/ 

Abbreviation: RCT, randomized controlled trial.
Reproduced from Regional Anesthesia & Pain Medicine, Joseph M. Neal, Richard Brull, Jean-Louis Horn, et al. Volume 41, Pages 181-194. Copyright © 

2016 American Society of Regional Anesthesia and Pain Medicine, with permission from BMJ Publishing Group Ltd.

*For EB Medicine Class of Evidence definitions, see page 28.
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1. “Nerve blocks are not well described in pe-
diatric patients in the ED setting, so I cannot 
incorporate them into my ED practice.” Many 
nerve blocks described in adult emergency and 
pediatric anesthesia literature can be utilized for 
pediatric emergency patients. Blocks should be 
performed by trained experts (including emer-
gency clinicians for whom peripheral nerve block 
is in their scope of practice). Discuss with your ED 
and hospital administration regarding the process 
for credentialing and approving the use of any 
new procedure.

2. “I prefer to use ketamine sedation instead 
of regional anesthesia in pediatric patients.”   
Ketamine is a powerful tool for sedation, but its 
use can be a strain on ED resources. Additionally, 
it will not provide ongoing pain control if need-
ed. By selecting appropriate patients for nerve 
blocks, clinicians can streamline resources (room, 
nursing, etc) for some procedures. 

3. “I always order 10 mL of lidocaine for my pro-
cedures; that should be an acceptable amount 
for pretty much everyone.” Always calculate 
weight-based safe maximums for LAs even, if just 
for local infiltration, to reduce risks for toxicity. For 
example, a child must weigh 14.2 kg before 10 mL 
of 1% lidocaine with epinephrine (max 7 mg/kg) is 
safe for local infiltration. (See Table 1, page 4.) 

4. “After a procedure with a nerve block, the pa-
tient can be discharged immediately.” Patients 
who have received a high-volume nerve block, 
such as a fascia iliaca plane block for femur frac-
ture, need to be on cardiac monitors at least 30 
minutes in order to observe for signs concerning 
for LAST.10 

5. “I documented the nerve block in a procedure 
note, so I do not need to let the admitting 
team know about it.” Documentation of a nerve 
block is important, but so is an informed patient 
hand-off. Admitting teams and surgical consul-
tants should know about nerve blocks. Sign-out 
should include the nerve block that was per-
formed, the expected distribution and duration 
of anesthesia, the agent used, the amount used, 
the time of the block, and whether there were any 
complications.

6. “The patient was not numb immediately after 
the nerve block, so it failed.” Most nerve 
blocks require some time for effect. Complete 
anesthesia is not always achieved, but reduction 
of pain is still a successful outcome. Refer to 
Table 1, page 4 regarding expected onset times 
for specific medications.

7. “I had hypodermic needles at the bedside, so 
I used them for a nerve block.” There are weak 
data to suggest that blunt-tip block needles are 
safer for nerve blocks;20 expert consensus recom-
mends their use, unless unavailable.

8. “Nerve blocks are high-risk for masking 
compartment syndrome, so I did not think 
my orthopedic colleagues wanted me to do 
one.” Some injuries are considered to be high-
risk for compartment syndrome (eg, tibial plateau 
fractures, midshaft tibial fractures, both-bone 
forearm fractures, crush injuries, and polytrauma) 
and are considered too high-risk for peripheral 
nerve blocks. The literature has not shown a clear 
connection between single-injection nerve blocks 
and the masking of compartment syndrome. 
When in doubt, discuss these blocks with 
orthopedic consultants.
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methods after use.25

Risk Management Pitfalls When Administering 
Nerve Blocks in Pediatric Patients
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1.  Which of the following injuries is high-risk 
for compartment syndrome and thus a nerve 
block should not be considered for analgesia?
a. Distal radius fracture
b. Femoral neck fracture
c. Tibial plateau fracture
d. Proximal humerus fracture

2.  A 4-year-old girl presents to the ED with a fin-
ger laceration. The plan is to perform a digital 
nerve block to facilitate laceration repair. What 
anxiety and pain abatement strategy should 
you employ first to perform the nerve block?
a. Physical restraint
b. Ketamine sedation
c. Nonpharmacological child-life strategies to 

create distraction
d. Intravenous morphine

3.  You decide to do a nerve block on a patient 
for analgesia while awaiting surgical repair of 
a fracture. Which local anesthetic agent is the 
best choice?
a. Lidocaine
b. Chloroprocaine
c. Ropivacaine 
d. Mepivacaine

4. You plan to perform a fascia iliaca block on an 
8-year-old boy who is obese. Which of the fol-
lowing should be used to calculate the maxi-
mum local anesthetic dose?
a. Lean body weight 
b. Body mass index
c. Actual body weight
d. Maximum adult dose

5.  Which is the preferred ultrasound transducer 
for use in guiding a peripheral nerve block?
a. Low-frequency curvilinear 
b. Low-frequency phased array
c. High-frequency linear array
d. High-frequency microconvex

6.  You diagnosed by bedside ultrasound a linear 
foreign body just below the second metatarsal 
of a 9-year-old girl who reported running bare-
foot in the backyard. You decided to perform 
a posterior tibial block to facilitate foreign 
body removal. Which of the following needles 
is the best to use?
a. A cutting spinal needle
b. A short-bevel needle
c. A 20-gauge hypodermic needle
d. An epidural needle
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9.  A 15-year-old boy with diabetes, asthma, and 
seafood allergy presents to the ED with right 
shoulder dislocation and right lateral arm 
laceration from a skateboarding accident. You 
decide to perform an interscalene nerve block 
to facilitate shoulder reduction and laceration 
repair. What characteristics should you be con-
cerned about with regard to performing this 
brachial plexus block?
a. The patient’s age 
b. The patient’s history of diabetes
c. The patient’s history of poorly controlled 

asthma
d. The patient’s history of allergy to seafood

10.  Which of the following is an appropriate 
medication to use in the setting of ventricular 
arrhythmia after injection of local anesthetic?
a. Epinephrine 10 mcg/kg
b. Amiodarone 5 mg/kg
c. Procainamide 15 mg/kg
d. Lidocaine 1 mg/kg

7.  Which of the following patients needs cardiac 
monitoring after receiving a nerve block?
a. 16-year-old patient with ear laceration after 

greater auricular nerve block
b. 8-year-old patient with need for sole-of-foot 

foreign body removal after posterior tibial 
block

c. 12-year-old patient with palm-of-hand lacera-
tion after a median nerve block

d. 15-year-old patient with rib fractures after a 
serratus anterior plane block

8. A 14-year-old boy has an infection of his new 
earring. The swelling has made him unable to 
remove the earring. You suspect the boy will 
not tolerate an auricular field block well and 
topical local anesthetic has been insufficient 
for pain control. Which of the following nerve 
blocks could help anesthetize the earlobe?
a. Infraorbital
b. Greater occipital nerve
c. Superficial cervical plexus
d. Brachial plexus
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Clinical Pathway for Administering Nerve Blocks 
to Pediatric Patients

Patient presents with painful condition 
(fracture, burn, abscess, laceration)

High-volume block planned?
(approaching max safe dose or >10 mL)

Communicate 
to admitting 

team
about the 

block

Is patient being 
admitted?

Discuss 
safety/home 

care and
avoiding 
injury to 

insensate 
part of body

Observe with cardiopulmonary 
monitors ≥30 min after last injection 

for signs and symptoms of LAST 
(Class I)

Short emergency department-based procedure needed? 
(ie, laceration repair, fracture reduction)

Anticipated ongoing significant postprocedure pain control? 

Use short-acting local anesthetic
(eg, lidocaine, mepivacaine, chloroprocaine)

Use long-acting local anesthetic
(eg, bupivacaine, ropivacaine)

High-risk for compartment 
syndrome (tibial plateau 

fracture, both-bone forearm, 
crush injury, polytrauma), 

allergy to LA, or other 
contraindication?

Behavior limiting nerve 
block safety?

Pursue alternative pain 
control (opioids, NSAIDs, 

acetaminophen, ice 
packs, immobilization, 

sedation, operative 
repair with general 

anesthesia)
(Class II)

YES

YES

YES

YES

YES

NO

NO

NO

NO

NO

This clinical pathway is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual 
needs. Failure to comply with this pathway does not represent a breach of the standard of care. 

Copyright © 2022 EB Medicine. www.ebmedicine.net. No part of this publication may be reproduced in any format without written consent of EB Medicine.

Class I
• Always acceptable, safe
• Definitely useful
• Proven in both efficacy and effectiveness

Level of Evidence:
• One or more large prospective studies 

are present (with rare exceptions)
• High-quality meta-analyses
• Study results consistently positive and 

compelling

Class II
• Safe, acceptable
• Probably useful

Level of Evidence:
• Generally higher levels of evidence
• Nonrandomized or retrospective stud-

ies: historic, cohort, or case control 
studies

• Less robust randomized controlled trials
• Results consistently positive

Class III
• May be acceptable
• Possibly useful
• Considered optional or alternative 

treatments

Level of Evidence:
• Generally lower or intermediate levels 

of evidence
• Case series, animal studies,  

consensus panels
• Occasionally positive results 

Indeterminate
• Continuing area of research
• No recommendations until further 

research

Level of Evidence:
• Evidence not available
• Higher studies in progress
• Results inconsistent, contradictory
• Results not compelling

Class of Evidence Definitions
Each action in the clinical pathways section of Pediatric Emergency Medicine Practice receives a score based on the following definitions. 

Abbreviations: LA, local anesthesia; LAST, local anesthetic systemic toxicity; NSAIDs, nonsteroidal anti-inflammatory drugs.
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Clinical Pathway for Nerve Block Selection, 
Based on Injury Location

Face/neck injury

Upper extremity injury

Involves 
shoulder 
or
upper arm
or 
multiple hand 
dermatomes?

History of severe asthma or 
need for bilateral block?

Relative 
contraindication
for interscalene 

block (risk of 
phrenic nerve 

paralysis)

Consider:
• Supraclavicular nerve block
• Infraclavicular nerve block
(Class II)

Involves 
forearm?

Hand only
Perform
radial/ulnar/
median nerve 
block(s) at the 
level of the 
forearm/wrist
(Class II)

Perform radial/ulnar/median nerve 
blocks at the level of the forearm

(Class II)

Perform brachial plexus block:
• Interscalene nerve block
• Supraclavicular nerve block
• Infraclavicular nerve block
(Class II) 

Lower extremity injury

Knee

Tibial plateau fracture

Contraindicated

Sole of foot

Perform posterior tibial   
nerve block 
(Class II)

Hip, thigh, or femur

Perform femoral or fascia 
iliaca nerve block (Class II)

Ankle or calf

Perform popliteal sciatic 
nerve block 
(Class II)

Trunk injury

Rib fractures, chest tube, 
chest wall injury

Posterior rib fractures?

Perform 
erector 
spinae 

plane block 
(Class III)

Perform 
serratus 
anterior 

plane block 
(Class III)

Abdominal pain

Perform transversus 
abdominus plane block 

(Class III)

Above eyebrow

Perform supraorbital nerve 
block (Class II)

Between eye and upper lip

Perform infraorbital nerve 
block (Class II)

Chin

Perform mental nerve block
(Class II)

Perform diamond auricular 
block (Class II)

Earlobe
vs ear

Only earlobe?

Perform greater auricular or
superficial cervical plexus 

nerve block (Class III)

YES

YES

YES

YES

YES

YES

NO NO

NO

NO

NO

NO

For Class of Evidence definitions, see page 28.
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• Spinal Epidural Abscess

• Human Trafficking

• Ocular Trauma

Don't miss these practice-changing 
topics coming soon!
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Lead Poisoning in Children: 
Emergency Department 
Recognition and Management
n Abstract 
Millions of children continue to be at risk for lead exposure de-
spite a dramatic decline over the past 4 decades, and hundreds 
present annually to emergency departments with lead poison-
ing. These patients can be challenging to identify due to their 
nonspecific presentation and frequent lack of known exposure. 
This issue will prepare the emergency clinician to identify and 
care for the lead-poisoned patient, focusing on: (1) identifying 
key historical features, signs, and symptoms at presentation; (2) 
the medical management of lead poisoning; and (3) formulation 
of a safe discharge plan. 
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CLINICAL CHALLENGES

• What are risk factors for lead 
exposure?

• What are common signs and 
symptoms of lead poisoning?

• When are chelating agents indicated, 
and which ones should be used?

• When should a pediatric patient with 
lead poisoning be admitted, and 
when can they be safely discharged 
home?
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Points
• Use nerve blocks as part of multimodal pain 

control for pediatric patients in the ED. Use of 
adjuvants including topical anesthetics, analgesics, 
and anxiolytics, as well as caregiver and child-life 
support are helpful for procedural success.

• Common indications for nerve blocks include, 
but are not limited to, laceration repair, foreign 
body removal, orthopedic reductions, and 
incision and drainage,

• Nerve blocks can also be used for pain control 
without an associated procedure, such as with 
fractures and burns. 

• Select appropriate local anesthetics for onset 
and duration as needed for pain control or 
procedure. (See Table 1, page 4.) A nerve block 
for a shorter procedure (eg, simple laceration 
repair) may use lidocaine, but a nerve block for 
longer-acting pain control (eg, a femur fracture) 
should use a longer-acting local anesthetic such 
as ropivacaine.10 

• Ultrasound guidance with in-plane and real-
time needle-tip visualization, blunt-tip needles, 
2-operator technique, and hydrodissection can 
be used to improve the safety of nerve blocks.

• Be cautious when using nerve blocks in very 
young patients (aged <1 year), patients with 
significant comorbidities (cardiac issues, inborn 
errors of metabolism, hemophilia, channelo-
pathies), or nonverbal patients. These are not 
absolute contraindications to nerve blocks, but 
nerve blocks in these patients should be done in 
consultation with appropriate specialists.

• Nerve blocks have a theoretical risk for delaying 
diagnosis of compartment syndrome. Certain 
injuries are considered high-risk for compart-
ment syndrome and are considered contraindica-
tions for nerve blocks; these include both-bone 
forearm fractures, tibial plateau fractures, crush 
injuries, and significant polytrauma.6 If unsure, 
discuss with orthopedic or surgical colleagues.

• Analgesia for the earlobe and outer helix can be 
achieved with an ultrasound-guided superficial 
cervical block in place of an auricular diamond 
field block.

• Injuries involving hands and feet (especially palms 
and soles) are particularly amenable to nerve 
blocks, due to the pain of injecting directly into 
these surfaces. 

• Consider fascia iliaca blocks in pediatric patients 
with femur fractures; data suggests this is a safe an 
effective pain-control method.55

• An emerging area of literature suggests nerve 
blocks can be used for visceral pain management 
for conditions such as appendicitis72,78 and pancre-
atitis.117

• Assembling supply bundles or a “block cart” 
containing commonly needed materials, references 
(including a local anesthetic systemic toxicity 
[LAST] checklist), as well as emergency supplies 
(eg, intralipid) can save time and simplify the 
process of preparation. This can increase adoption 
of the procedures in an ED.

• See Appendix 2, page 22 for online resources to 
assist in learning the neve blocks discussed in this 
issue. 

Pearls
ll		 It is crucial to calculate and not exceed 

weight-based maximum safe doses for local 
anesthetics. For obese patients, use adjusted 
lean weights. Ensure the volume injected is 
below the maximum dose for the specific local 
anesthetic being used. See Table 1, page 4 for 
maximum doses. 

ll		 Ultrasound guidance improves safety and 
efficacy for nerve blocks. Real-time visualization 
of the needle tip during local anesthetic 
injection can significantly reduce the risk for 
injury to local structures including nerves and 
blood vessels.

ll		 After large-volume nerve blocks, patients 
should be monitored for at least 30 minutes for 
signs of LAST.10,22 Clinicians who perform nerve 
blocks should be familiar with recognizing the 
signs and symptoms of LAST and its treatment. 
(See Table 14, page 17.) Intralipid should be 
readily available when all high-volume nerve 
blocks are performed. 

Ultrasound-Guided Pediatric 
Nerve Blocks in the Emergency 
Department: An Evidence-
Based Update
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