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Over the past decade, the utilization of regional anesthesia
in pediatric populations has increased substantially.
According to the Journal of Anaesthesiology, Clinical
Pharmacology (2023), “the number of articles published

in PubMed with the key words “pediatric,” “regional,” and
"anesthesia” has doubled in the last 5 years and tripled in
the last 10 years.” This notable rise in research highlights

a growing interest in both investigating and implementing
pediatric regional anesthesia within clinical practice.
Historically, hesitations surrounding the use of regional
anesthesia in children have stemmed from concerns
regarding safety, efficacy, and procedural difficulty. However,
the advent and adoption of ultrasound-guided techniques
have significantly mitigated these concerns, allowing for
more precise, effective, and safe administration of regional

Photo source: Pediatric Regional Anesthesiology -

W Anesthesi Pain Medicin
blocks in pediatric patients.

The purpose of this article is to review the historical
context, current research, and clinical practices surrounding
ultrasound-guided regional anesthesia in children. Emphasis
is placed on the mechanism of action, benefits, limitations,
safety considerations, and potential expansion of these
techniques into non-operating room settings, including
emergency and ambulatory care.

Regional anesthesia is defined as the targeted injection of
local anesthetic agents to block sensation in a specific area
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of the body. According to Mathew et al, (2024) “regional anesthesia utilizes targeted injection of local anesthesia to block
sensation in a specific body area easing pain and limitng neurohumoral response to stress.” This approach not only provides
localized analgesia but also attenuates systemic stress responses associated with surgical procedures.

The use of regional anesthesia in pediatric patients has been associated with numerous clinical benefits. One of the primary
advantages is a reduction in postoperative opioid consumption, which in turn reduces the incidence of opioid-related adverse
effects such as nausea, vomiting, hypotension, respiratory depression, and central nervous system depression (Shaahinfar
etal, 2025). Decreased opioid reliance can also facilitate faster recovery, reduce the duration of hospital stays, and support
the growing trend of same-day surgical procedures. For example, patients receiving regional anesthesia are often able to
achieve adequate postoperative pain control while returning home on the same day, an outcome particularly relevant for the
increasing number of ambulatory surgical centers.

In a study described by Matthew et al. (2024), "both single-shot and catheter-based regional anesthesia techniques were
shown to support opioid-free experiences during intraoperative and postoperative periods, including in the post-anesthesia
care unit (PACU).” These findings highlight the role of regional anesthesia not only in pain management but also in optimizing
recovery trajectories and enhancing patient and family satisfaction.

Table 2 Key anatomical and physiclogical differences between adults and young children

Characteristics Clinical implications

Anatomical

Physiological

MNerves, vessels, and tendons are smaller; very
superficial, with less adipose tissues; and lie close
together

The endoneurium has less connective tissue

Nerves have shorter diameter with incomplete myelin
sheath. Complete myelination may take several years
Neonates:

The dural sac ends at 53—54 (52 in adults)

The intercristal line is at L5-51 {L4—L5 in older children
and adults)

Spinal cord terminates at L3 (L1 in adults)

Results of high cardiac output: (i) Increased systemic
absorption of LA

(ii) Relatively high proportion of cardiac sodium gated
channels are in an open state, with a high affinity to LA
Hepatic metabolism of LA is not fully functional until 9
months of age.

There is reduced concentration of o,-acid glycoprotein
until 1 yr of age

Lumbar crtho-sympathetic component is poorly
represented in children

Potential risk of injury to nerve and structures around
nerves; US imaging improves accuracy of needle
placement

Early onset of both sensory and motor blocks with a
risk of prolonged motor block, even with lower
concentrations of LA

Caution must be taken whilst advancing needle during
caudal anaesthesia to aveid dural puncture

Spinal anaesthesia should be performed below L4

Increased risk of cardiac toxicity

Risk of drug accumulation after repeated doses of LA
or during continuous infusion

Children are less prone to hypotension after neuraxial
block

ULTRASOUND GUIDANCE AND ADVANCES IN
PEDIATRIC REGIONAL ANESTHESIA

The incorporation of ultrasound technology has transformed the
practice of regional anesthesia by allowing real-time visualization of

anatomical structures, needle placement, and local anesthetic spread.

Ultrasound-guided regional anesthesia involves using sonographic
imaging to guide the administration of either single-injection or
catheter-based blocks, improving the precision and safety of the

procedure. Enhanced needle visualization and real-time monitoring of
anesthetic distribution leads to higher block success rates, faster onset
times, fewer needle passes, reduced local anesthetic requirements, and
improved overall safety.

VN

Historically, research on ultrasound-guided regional anesthesia in
pediatric populations has been limited. Challenges include ethical
considerations, parental hesitancy regarding consent, restricted
research funding, and the need for highly trained clinicians skilled in
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pediatric regional anesthesia. Consequently, much of the early evidence has been extrapolated from adult studies. Although
children and adults differ anatomically, many peripheral nerve block techniques are adapted from adult practice due to

similar peripheral nerve locations (Naik & Fabila, 2023).

Several specific advantages of ultrasound guidance in pediatric patients have been identified. These include improved
visualization of anatomical structures, easier identification of superficial targets, thinner fascial planes and sheaths, faster
onset of anesthesia, and reduced local anesthetic concentrations required to achieve effective analgesia. Collectively, these
benefits enhance the efficacy, safety, and reproducibility of regional anesthesia in children.

Fig 1 (&) US image of the right supraclavicular area in a young child. The yellow arrows indicate the brachial plexus sitting on top of the first rib. FR, first rib; SA,
subclavian artery. The fine white line indicates the needle path and trajectory. (B} Patient positioning for a supraclavicular brachial plexus block. Linear US
transducer positioned along the plexus short-axis view using an IF needle approach.

HISTORICAL LIMITATIONS AND
CHALLENGES

Despite the clear advantages of ultrasound-guided regional
anesthesia, several historical limitations have restricted

its widespread adoption. Ethical considerations present

a significant barrier, as children cannot provide informed
consent, and parental willingness to participate in clinical
trials is often limited. Additionally, the cost and accessibility
of ultrasound equipment can be prohibitive, and there is
currently no standardized protocol for ultrasound-guided
regional anesthesia in pediatric populations.

Previously, local anesthetic administration relied primarily
on anatomical landmarks and nerve stimulation techniques.
While effective, these approaches lacked the precision
afforded by ultrasound imaging and carried higher risks of
complications such as vascular puncture, nerve injury, and
local anesthetic systemic toxicity (LAST) (Shaahinfar et al,,
2025). LAST, although rare, is a potentially life-threatening
complication of local anesthetic administration and
represents a significant concern for providers.

Organizations such as the Pediatric Regional Anesthesia
Network (PRAN) are actively addressing these limitations by
collecting and disseminating data from multiple institutions.
According to Mathew et al. (2024), PRAN aims to standardize
techniques, improve procedural outcomes, and encourage
wider adoption of safe, evidence-based regional anesthesia
practices in pediatric patients.

CLINICAL APPLICATIONS BEYOND THE
OPERATING ROOM

Emerging research suggests that ultrasound-guided

regional anesthesia can provide substantial benefits in
settings outside the operating room, such as the emergency
department. Pediatric patients presenting with acute pain
from traumatic injuries or painful procedures often require
effective analgesia while minimizing opioid exposure.
Ultrasound-guided blocks can address this need by providing
fast-acting, localized pain control, reducing the reliance on
systemic opioids and their associated risks (Shaahinfar et al.,
2025).

In the emergency setting, children present unique challenges
due to their limited ability to accurately describe or assess
pain. Ultrasound-guided regional anesthesia can improve
pain management for these patients, offering options tailored
to the anticipated duration of care. For short procedures

with immediate discharge, fast-acting local anesthetics can
be employed, while longer-lasting anesthetics or catheter
placements may be indicated for admitted patients requiring
extended analgesia (Shaahinfar et al., 2025). Successful
implementation of these techniques in non-operating room
environments requires multidisciplinary collaboration among
anesthesiologists, emergency physicians, trauma teams,
surgical specialists, and nursing staff.
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RISK MANAGEMENT
AND SAFETY
CONSIDERATIONS

While the benefits of ultrasound-
guided regional anesthesia are
well-established, appropriate
risk mitigation strategies are
essential. Simulation-based
training is invaluable for
developing provider proficiency
and improving procedural
confidence. Strict adherence to
weight-based dosing guidelines,
availability of resuscitation
equipment, intravenous access,
cardiac monitoring, and intralipid
therapy for LAST are critical
safety measures (Shaahinfar et
al.,, 2025).

Additional strategies include
performing aspiration checks
during needle placement and
utilizing standardized checklists
to enhance procedural accuracy
and minimize complications.
Although the initial cost of
ultrasound equipment and
training can be substantial,
these investments are offset

by reductions in procedural
complications, improved patient
outcomes, and shorter hospital
stays. Furthermore, ultrasound
guidance can alleviate parental
concerns by increasing block success rates and reducing procedural discomfort, ultimately
enhancing patient and caregiver satisfaction.

CONCLUSION

Ultrasound-guided regional anesthesia represents a transformative advancement in
pediatric anesthetic care. By improving procedural accuracy, reducing opioid use, and
enhancing overall safety, these techniques have become integral to both surgical and
non-surgical pediatric pain management. Despite historical limitations related to ethical
constraints, equipment costs, and the need for trained providers, ongoing research, data
collection through networks such as PRAN, and the development of standardized protocols
are expanding the feasibility and acceptance of ultrasound-guided regional anesthesia.

Figure 2. Example nerve block box and cart.
Photographs include: suggested contents: (A; syringes,
sterile saline flush, alcohol prep pad, sterile surgical
lubricant, sterile dressing/transducer cover, nreve
block box (B), nerve block cart; (C; with attached
LAST diagnosis and management protocol), internal
organizational labels (D), and nerve block needle with
attached extension tubing (E).

The adoption of these practices, combined with structured training programs, simulation,
and rigorous safety protocols, offers significant clinical benefits for pediatric patients.
Enhanced analgesia, reduced recovery times, decreased hospital stays, and higher levels
of patient and parent satisfaction underscore the importance of integrating ultrasound-
guided regional anesthesia into contemporary pediatric care. As the field continues to
evolve, further research and interdisciplinary collaboration will be essential to optimize
outcomes, standardize techniques, and broaden the application of this highly effective
anesthetic modality. W_
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To test your knowledge on this issue’s article, provide correct answers to the following
questions on the form below. Follow the instructions carefully.

1. What is the primary purpose of regional anesthesia
in pediatric patients?
A. To sedate the patient completely
B. To block sensation in a specific area of the body
C. To replace general anesthesia entirely
D. To increase systemic stress response

2. Which of the following is a major benefit of using
regional anesthesia in children?
A. Increased hospital stay
B. Higher opioid consumption
C. Reduced postoperative opioid use
D. Increased systemic stress response

3. How has ultrasound guidance improved regional
anesthesia in pediatric populations?
A. By eliminating the need for local anesthetics
B. By allowing real-time visualization of anatomical
structures and needle placement
C. By replacing the need for trained
anesthesiologists
D. By increasing procedural time

4. Which complication is specifically associated with
local anesthetic administration and is a concern in
pediatric regional anesthesia?

A. Hypothermia
B. Local Anesthetic Systemic Toxicity (LAST)
C. Hypertension
D. Seizure disorders unrelated to anesthetic

5. What has historically limited research and adoption
of regional anesthesia in children?
A. Lack of interest in pediatric anesthesia
B. Ethical considerations and parental consent
challenges
C. Overabundance of ultrasound machines
D. Standardized protocols universally available

6. Which organization is mentioned as helping
to standardize and improve pediatric regional
anesthesia practices?
A. American Heart Association (AHA)
B. Pediatric Regional Anesthesia Network (PRAN)
C. American Academy of Pediatrics (AAP)
D. World Health Organization (WHO)

7. In non-operating room settings, such as the
emergency department, ultrasound-guided regional
anesthesia is particularly useful because:

A. It requires no training

B. Children cannot describe their pain accurately
C. It replaces intravenous fluids

D. It is always faster than oral analgesics

8. Which of the following is a safety strategy for
performing pediatric regional anesthesia?
A. Ignoring weight-based dosing guidelines
B. Performing aspiration checks during needle
placement
C. Avoiding simulation-based training
D. Using unlimited local anesthetic without
monitoring

9. How does ultrasound guidance affect local
anesthetic requirements?
A. Increases the required concentration
B. Reduces the required concentration
C. Has no effect on dosage
D. Requires switching to oral medications

10. Which of the following is NOT listed as a benefit of
ultrasound-guided regional anesthesia?
A. Faster onset of anesthesia
B. Reduced needle passes
C. Increased parental concerns
D. Improved block success rates
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