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Abstract: Background: Forearm fractures are common presentations to the emergency department
(ED), frequently requiring reduction and immobilization. In the pediatric population, procedural
sedation is the gold standard to allow for appropriate analgesia, patient compliance, and ultimate
successful reduction. Hematoma block is another means of analgesia prior to reduction. Hematoma
block, however, is often associated with less pain control, limiting quality of reduction. Procedural
sedation increases length of stay, resource allocation, and can be associated with complications. A
possible alternative for analgesia to facilitate reduction of forearm fractures in the ED, are ultrasound-
guided nerve blocks. This is especially significant for the pediatric population, as non-surgical
treatment is frequently the standard of care. Methods: Illustrative case series of three pediatric
patients who underwent supraclavicular nerve block for management of distal forearm fracture at a
tertiary hospital. Results: The indication for supraclavicular nerve block was unique in all patients;
avoiding procedural sedation to monitor Glasgow Coma Scale, avoidance of numerous doses of
opioids for analgesia, and parental preference to avoid risks of complications associated with
procedural sedation. Each reduction was successful on the first attempt. There was no surgical
intervention or adverse events in our patients. Conclusions: Supraclavicular nerve block provided a
successful alternative to procedural sedation for reduction, analgesia, without adverse events. It
holds exceptional potential as an alternative to procedural sedation in a variety of clinical scenarios.

Keywords: supraclavicular nerve block; pediatrics; emergency department; forearm fracture; distal
radius fracture; case series

1. Introduction

Orthopedic injuries, particularly distal radius and forearm fractures, are among the most
common pediatric injuries encountered in the emergency department (ED), often requiring closed
reduction and immobilization in the acute phase [1]. Procedural sedation has remained the standard
of care for analgesia and reduction success in pediatric patients, demonstrating a low rate of
subsequent operative intervention [2,3]. Performing procedural sedation with agents, such as
ketamine, facilitates optimal fracture reduction by minimizing patient movement, mitigating
procedural distress, and therefore reducing the likelihood of additional reductions [4].

Despite its advantages, procedural sedation presents notable drawbacks. While the risk of
significant complications remains low, procedural sedation can lead to vomiting, agitation, hypoxia,
apnea, and more notably laryngospasm [5]. Additionally, increased length of stay (LOS) in the ED,
increased physician and staff time, and prolonged post-procedural monitoring associated with
procedural sedation contribute to greater healthcare costs and resource utilization [6,7]. As a result,
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alternative analgesic techniques have been explored to improve procedural efficiency and patient
safety in pediatric emergency care.

Regional anesthesia techniques, including peripheral nerve blocks, field blocks, and intravenous
regional anesthesia, have emerged as excellent alternatives to procedural sedation for providing
analgesia during fracture reduction and management. Supraclavicular nerve block, in particular, has
demonstrated similar analgesia and reduction success compared to procedural sedation, while
maintaining high satisfaction and cost-effectiveness, minimizing medication usage, and shortening
ED LOS [8-10]. Herein, we present a series of three pediatric cases in which supraclavicular nerve
blocks were successfully performed for reduction of forearm fractures in the ED. We highlight the
clinical scenarios which prompted the need for a viable, safe, and effective alternative to procedural
sedation with comparable post-procedural outcomes.

2. Materials and Methods

2.1. Ultrasound-Guided Supraclavicular Nerve Block

Ultrasound-guided nerve block is a technique where ultrasound imaging is used to visualize the
anatomy and guide the placement of a needle to deliver a local anesthetic around a specific nerve or
group of nerves. This approach is particularly useful for performing precise nerve blocks with
enhanced safety and effectiveness, as it allows the clinician to see the nerves, blood vessels, and
surrounding structures in real-time.

An ultrasound-guided supraclavicular nerve block involves the injection of a local anesthetic
near the brachial plexus, specifically at the level of the supraclavicular fossa (the area just above the
clavicle), providing anesthesia to the upper extremity, including part of the shoulder, arm, and hand
(Figure 1).

Figure 1. Placement of ultrasound probe about the level of the supraclavicular fossa, with advancement of the
needle to the underlying brachial plexus. The sensory distribution of the supraclavicular nerve block is shown
in the bottom right corner, as highlighted in light blue. Image courtesy of Jacob A. Klinger.

2.2. Procedure Ouverview

Positioning: The patient is typically positioned in a supine or slightly lateral position with the
head turned away from the side of the procedure. The arm is placed in a neutral or slightly abducted
position to expose the supraclavicular region. The ultrasound machine is placed on the opposite
side of the bed (Figure 2) [11,12].
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Figure 2. Typical ultrasound-guided supraclavicular nerve block set-up. A provider is shown on the patient’s
right, towards the head of the bed. The patient is supine, facing away from the provider. The ultrasound machine
is staged on the opposite side of the bed, facing the provider. A linear array probe is placed just superior of the
clavicle and the needle is inserted in a lateral to medial direction. Image courtesy of Jacob A. Klinger.
Abbreviations: SA, Subclavian artery; BP, Brachial plexus (“cluster of grapes”).

Ultrasound Imaging: An ultrasound probe is placed on the patient's skin just above the clavicle
to visualize the brachial plexus, which appears as a "cluster of grapes" at the root or trunk level. The
brachial plexus lies adjacent to the subclavian artery and the first rib (Figure 3).

Needle Insertion: After identifying the correct anatomy, a fine needle is inserted in-plain, under
real-time ultrasound guidance. The needle is advanced toward the brachial plexus, from lateral to
medial, with the goal of depositing the local anesthetic medication near the nerve trunks, next to the
subclavian artery, and 1st rib [12].

Anesthetic Injection: The maximal amount of anesthetic should be calculated using a dosing
calculator, usually from 10-20 ml. 1% lidocaine is the usual anesthetic agent of choice for this type of
reduction in the ED. The time of effect of lidocaine is usually 1-2 hours allowing enough time to
perform reduction, splinting, immobilization and x-rays. The short duration of action permits
performing neurologic exam of the extremity following reduction. [13,14].


https://doi.org/10.20944/preprints202504.0878.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 April 2025 d0i:10.20944/preprints202504.0878.v1

4 of 9

Figure 3. Image captures demonstrating the progression of supraclavicular nerve block procedure from patient
one. A; Pre-procedural visualization of anatomy. B; Insertion of needle to the level of the “cluster of grapes” in
lateral-to-medial direction. C; Administration of anesthetic around the” cluster of grapes.” Abbreviations: SA,
Subclavian artery; BP, Brachial plexus (“cluster of grapes”). Created in BioRender. Klinger, J. (2025)
https://BioRender.com/vi3iu03.

3. Results

3.1. Patient One

An 11-year-old male with a past medical history of attention deficit hyperactivity disorder
presented to the ED after suffering a fall of approximately 25 feet from a rock-climbing wall onto a
rubberized floor due to equipment failure. He landed on an outstretched left arm and struck his
forehead, with no loss of consciousness.

In the ED, the patient was found to have an obvious deformity with accompanying tenderness
and mild swelling of the left wrist. He was neurovascularly intact distally. It was a closed injury
without violation of the skin. Full trauma assessment was performed given the mechanism of injury
and notable for a small forehead hematoma indicating head trauma. X-rays of the left wrist, radius,
and ulna were obtained. Given a normal neurologic examination, no signs of a basilar skull fracture,
and no altered mental status, computed tomography of the head was deferred. X-ray imaging was
subsequently notable for an acute, displaced, mildly angulated fracture of the distal left radial
metaphysis with extension into the physis, Salter-Harris type II (Figure 4).

Orthopedics was consulted, recommending reduction and immobilization with cast placement.
Given the severe mechanism of injury, close observation and serial neurological examinations were
favored over advanced imaging of the head. To facilitate the need for close observation and
orthopedic reduction, the decision was made to perform supraclavicular nerve block over procedural
sedation. This was preferred as the team wished to closely observe Glasgow Coma Scale, while not
delaying care of his distal radius fracture. Ultimately, supraclavicular block was performed without
complications. He was provided an additional 50 mcg of fentanyl for analgesia during the closed
reduction, which was performed successfully on the first attempt. Biplanar fluoroscopy and post-
reduction x-rays confirmed appropriate reduction before the patient was placed in a bivalved, long-
arm, fiberglass cast. There were no procedural complications. Following an appropriate observation
for his head injury, he was discharged with plans to follow-up with Orthopedics in one week for
repeat radiographs. X-rays obtained during follow-up 1, 2, and 3 weeks later demonstrated stable
alignment of the fracture site.
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Figure 4. Patient one pre- and post-reduction radiographs. Pre-reduction A anteroposterior and B lateral
radiographs demonstrating acute Salter-Harris Type II distal radius fracture. One-week post-reduction C

anteroposterior and D lateral radiographs demonstrating stable interval reduction.

3.2. Patient Two

12-year-old male presented to the ED with an obvious deformity of the left arm following a dirt
bike crash. Past medical history was notable for a Salter Harris type two distal radius fracture treated
with casting one year prior. The patient was operating a dirt bike at speeds of approximately 15 miles
per hour when he lost control. The patient was helmeted and there was no loss of consciousness.
Immediately following the crash, the patient was found to have an obvious deformity of the left arm,
reporting 9/10 pain in the extremity. Intravenous access was obtained by EMS and he was initially
provided 50 mcg fentanyl before a splint was applied and his arm was rested on a pillow. In the pre-
hospital setting, the patient was provided two additional doses of 25 mcg of fentanyl, over 30
minutes.

Upon arrival to the ED, he was hemodynamically stable. Examination was notable for deformity
of the left forearm with a 1-2 mm open wound overlying the site. Distal perfusion, motor function,
and sensation were intact. There was no concern for other injury about the remainder of his body. X-
rays of the left radius and ulna were obtained and notable for an apex dorsal angulated radius and
ulna diaphysis fractures (Figure 5). Pediatric Orthopedics was consulted and recommended
irrigation and closed reduction. In the ED, he was provided another two doses of 50 mcg of fentanyl,
for a total of 200 mcg over 90 minutes. In light of his analgesia requirements, it was decided to
facilitate the procedure with a supraclavicular block. This was performed without complications. He
subsequently underwent irrigation of the puncture site before a bivalved long arm cast was placed.
Post-reduction x-rays confirmed adequate length, alignment, and rotation. No further analgesic
doses were required during his ED stay. X-rays obtained during follow-up 1, 3, and 6 weeks later
demonstrated stable alignment of the fracture site. He was not felt to need any further follow-up
and was cleared from this injury.

Figure 5. Patient two pre- and post-reduction radiographs. Pre-reduction A anteroposterior and B lateral
radiographs demonstrating acute distal radius and ulna fracture. Same day post-reduction C anteroposterior

and D lateral radiographs demonstrate stable interval reduction.

3.3. Patient Three

14-year-old male presented to the ED with right wrist pain following an injury sustained at
hockey practice when he was checked into the boards. He did not sustain any head trauma or any


https://doi.org/10.20944/preprints202504.0878.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 April 2025 d0i:10.20944/preprints202504.0878.v1

6 of 9

other injuries at that time. In the ED, the patient was noted to have an obvious deformity of the right
upper extremity with tenderness overlying the wrist. He was neurovascularly intact. X-ray of the
right radius and ulna were notable for a distal radius fracture, >20 degrees of angulation (Figure 6).
Orthopedics was consulted and recommended non-operative management with closed reduction
and casting. Procedural sedation was the initial method discussed with his family, though his family
continued to feel uncomfortable with the potential risks of complication and need for monitoring.
Supraclavicular block was performed to facilitate bedside reduction and long arm casting. He was
subsequently followed at an outside Sports Medicine facility, locally. X-rays obtained during follow-
up 10 days and 27 days later demonstrated appropriate alignment and robust healing response,
respectively. He was felt to make a complete clinical recovery from his distal radius and ulna fractures
and encouraged to follow-up on an as-needed basis.

Figure 6. Patient three pre- and post-reduction radiographs. Pre-reduction A anteroposterior and B lateral
radiographs demonstrating acute distal radius and ulna fracture. Same day post-reduction C anteroposterior

and D lateral radiographs demonstrate stable interval reduction.

4. Discussion

Procedural sedation is widely recognized as the standard of care over regional anesthesia when
performing bedside reduction and immobilization of distal forearm fractures in pediatric emergency
departments. A critical deciding factor of anxiolytic, analgesic, and anesthetic agent is the overall
quality of sedation and pain control required to achieve adequate reduction and avoid the ultimate
need for surgical intervention. A systematic review and meta-analysis conducted in 2016 analyzed
13,883 procedural sedations in children under 18, found the most common adverse events were
vomiting, agitation, hypoxia, and apnea. Laryngospasm was reported in 2.9 per 1,000 sedations and
intubation was reported in 4 cases out of 9,136 sedations [5]. To facilitate a safe sedation, clinicians
commonly consider the fasting recommendations from the American Society of Anesthesiologists
[15]. However, the American College of Emergency Physicians have recommended that clinicians do
not delay PS in ED patients, as the duration of fasting did not reduce a patients risk for aspiration or
emesis [16]. A prospective cohort of 2,497 children who underwent PS in an ED, found no increased
risk of these adverse events in patients who met the preprocedural fasting recommendations from
the American Society of Anesthesiologists, compared to those who did not [17]. Considering these
factors and small risk for adverse events, procedural sedation remains the preferred method for
reduction in the ED.

Regional anesthesia, such as ultrasound-guided supraclavicular nerve blocks, are a well-known
alternative or adjunct to procedural sedation, having been implemented in the operating room and
adult population in the ED. However, its use in the pediatric ED remains underutilized. There are
abundant studies in the literature which demonstrate that regional anesthesia is a safe and effective
alternative for reduction of orthopedic emergencies in adults, though pediatric patients are
commonly excluded. Stone et al. in 2007 presented a case series of adult patients who found
successful treatment and analgesia from supraclavicular block with abscess, metacarpal fracture, two
midshaft humerus fractures, and a posterior elbow dislocation [18]. One of the primary limitations of
regional anesthesia is the effectiveness of analgesia. Given the technical skill required to perform
regional anesthesia, there may be cases where incomplete analgesia is achieved secondary to the
accuracy of the block. We described three cases where supraclavicular block provided excellent
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analgesia and successful reduction of a distal radius fracture on the first attempt. In cases where
incomplete regional block is achieved, clinicians may consider providing additional local anesthesia
with a hematoma block.

Considering the wide variety of patients that present to the ED, it is important to have
alternatives to fit various clinical scenarios. This case series highlights that supraclavicular nerve
block holds potential to provide safe and effective analgesia for orthopedic emergencies without
compromising the quality of reduction. Benefits of supraclavicular block over procedural sedation
include the avoidance of potential respiratory depression, no indication for intravenous access or
continuous cardiac monitoring, and shorter recovery phase. Although limited by sample size, length
of stay was shorter for patients who underwent supraclavicular compared to procedural sedation,
without impacting satisfaction scores [10]. Risks of complications from supraclavicular block include
nerve injury, inadvertent vascular puncture, pneumothorax, and diaphragmatic paralysis. With the
potential risk for diaphragmatic paralysis, clinicians should be diligent in assessing for underlying
pulmonary disease. A previous systematic review and meta-analysis found overall low incidence of
complications and no patients experienced diaphragmatic paralysis requiring ventilatory support
[19]. As underlying pulmonary disease is less common in the pediatric population, supraclavicular
nerve block serve as an excellent alternative for patients who are not nothing by mouth (NPO), when
there is parental concern for sedation complication, and in children who are likely to cooperate.

The use of ultrasound guidance for anatomic structure identification and direct needle
visualization significantly improves safety and precision. A prospective study comparing landmark-
based techniques to ultrasound-guided supraclavicular nerve blocks demonstrated a respective
increase in success rate from 85% to 95% [20].

Supraclavicular nerve blocks provide a promising alternative to procedural sedation for
pediatric distal radius fracture reductions, maintaining appropriate analgesia while reducing the risk
of sedation-related adverse events. Commonly utilized for regional anesthesia in the pediatric
operating room, this technique has been demonstrated to provide adequate analgesia with high levels
of patient, parent, and provider satisfaction [21]. Our cases demonstrate three clinical scenarios where
supraclavicular nerve blocks were successfully used to facilitate reduction of distal radius fractures
in pediatric patients. In a case of an open fracture with the need for opioid for analgesia,
supraclavicular nerve blocks facilitated bedside irrigation, reduction, and immobilization.
Additionally, supraclavicular nerve block allowed for continuous neurologic monitoring in a patient
with a significant injury mechanism and need for monitoring. Lastly, using a multidisciplinary
approach and shared decision making amongst emergency medicine providers, pediatric orthopedic
providers, parents, and the patient, procedural sedation was avoided given significant concerns
raised by the parents for the risks of complications and need for monitoring. These cases demonstrate
that ultrasound-guided supraclavicular nerve blocks can be effectively implemented in the ED for
pediatric patients, offering a viable alternative to procedural sedation while optimizing ED resource
utilization.

5. Conclusions

Ultrasound-guided supraclavicular nerve blocks are an effective alternative to procedural
sedation for forearm fracture management and immobilizationin  pediatric patients in the ED. This
technique, well within the skillset of emergency medicine practitioners, provides adequate analgesia
while reducing resource utilization and minimizing the risk of sedation-related adverse effects.
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