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Abstract

Introduction: Forearm fractures are a common injury,
especially in the pediatric population. There is signifi-
cant variation in the use of anesthesia and analgesia
techniques used to facilitate closed reduction of pedia-
tric forearm fractures. In recent decades, there has been
a trend towards favoring procedural sedation (PS) for
reducing such fractures. As procedural sedation is not
generally feasible in urgent care (UC), it is worthwhile
to understand if current available evidence supports its
use in terms of better outcomes for reduction and pa-
tient and caregiver experience compared to various
methods of regional anesthesia, specifically hematoma
blocks (HB).

Aim: The objective of this study was to conduct a rapid
literature review of studies looking at the efficacy of
the use of HB for pediatric forearm fractures.

Methods: A systematic rapid literature search with
predefined key terms was performed in December 2023
assessing the relevant peer-reviewed articles from the
databases of PubMed, ERIC, Embase, and PsycINFO that
met the inclusion criteria. Only journal articles in Eng-

lish with full texts were included. Utilizing the Preferred
Reporting Items for Systematic Reviews and Meta-Ana-
lyses framework (PRISMA), data extraction was system-
atically structured, and the included studies were ap-
praised systematically.

Results: Four of the initial 19 studies returned from the
search met the inclusion criteria for this study. The re-
sults of all 4 studies were consistent in finding HB
adequate for providing sufficient analgesia and allowing
for non-inferior closed reductions of pediatric forearm
fractures when compared to PS.

Author affiliations: Shomel Gauznabi MBChB. FRNZCGP. FRACGP. FRNZCUC, University of Auckland, New Zealand. Ivan Koay MBChB, MRCS,
FRNZCUC, MD, Kings College Hospital Urgent Treatment Centre, London; Royal New Zealand College of Urgent Care.

42 JUCM The Journal of Urgent Care Medicine | December 2024

www.jucm.com



SYSTEMATIC RAPID REVIEW: EFFICACY OF HEMATOMA BLOCKS FOR PEDIATRIC FOREARM FRACTURES

Discussion: This literature review supports use of HB
in achieving successful analgesia and non-inferior results
in closed reduction of forearm fractures in the pediatric
population. However, most pediatric forearm fractures
are initially managed with PS for anesthesia. In com-
parison to PS, hematoma blocks require fewer resources
and have a lower risk of complication. The included
studies demonstrated that HB provides adequate anal-
gesia for closed reduction of pediatric forearm fractures
without compromising radiographically determined
outcomes of reduction success. We propose, especially
in a UC setting where PS is largely unavailable, use of
HB is worthy of consideration as a first-line method of
anesthesia for pediatric forearm fractures warranting
reduction. Emergency department referral for specialist
consultation and/or PS therefore can be reserved for
patients in whom this lower risk, lower resource strategy
proves unsuccessful.

“Pain during reduction is
disconcerting for patients and
caregivers and may also impede
the mechanics of successful
reduction.”

Introduction

istal radius fractures (DRFs) are the most common

fracture of the upper extremity with a bimodal peak

incidence among children and older adults.! DRFs ac-
count for 45% of all pediatric fractures and are commonly
treated in the emergency department (ED) with closed
reduction facilitated by procedural sedation.?* In contrast
to adults, pediatric DRFs require less precise reduction,
as children’s bones have better remodeling potential,
which declines with increasing age.>¢ Closed reduction
and immobilization is typically definitive treatment for
children who sustain DRE, even if significantly displaced
or angulated; surgical open reduction and internal fixa-
tion (ORIF) is therefore performed much less commonly
than in adults.”® ? For this reason, performing an adequ-
ate initial closed reduction shortly after injury is critical
for angulated and displaced pediatric forearm fractures
to have optimal outcomes without surgery.” Despite chil-
dren’s ability to recover normally with a greater degree
of post-reduction deformity, outcomes are best when as
near anatomical alignment is achieved by the closed re-
duction procedure.’ Pain during reduction is disconcert-
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ing for patients and caregivers and may also impede the
mechanics of successful reduction.!® Conversely, adequate
levels of analgesia and/or anesthesia facilitate successful
closed reduction and minimize pain and anxiety for
both the child and parent.” !!

A variety of anesthesia strategies may be employed
when attempting closed fracture reduction, including
various non-sedating regional anesthesia techniques
(eg, hematoma blocks [HB], Bier block [BB], axillary, or
supraclavicular block), or procedural sedation (PS) using
agents such as ketamine, propofol, opioids, and/or mi-
dazolam.!*1¢ Procedural sedation is defined as use of
sedatives or dissociative agents with/without analgesics
to induce a state that allows the patient to tolerate a
procedure without compromising cardiorespiratory
function—differentiating it from general anesthesia. PS
remains among the most commonly employed
strategies for DRF reduction in children in the ED set-
ting, however, it is a less common option in urgent
care (UC) settings.'" 1718 Although PS has been shown
to allow for good outcomes with closed DRF reductions,
it carries risks, such as vomiting, dysphoria, hallucina-
tions, respiratory depression, airway obstruction, and
laryngospasm.!"? Furthermore, PS requires extensive
healthcare resources and prolonged monitoring, which
makes it impractical for use in the UC setting.

An ideal anesthetic agent for UC would be easy to
administer, effective, safe, inexpensive, agreeable to pa-
tients and parents, rapidly provided, and not require
monitoring or special equipment.?’ Regional anesthesia
(RA) such as HB meets most of these criteria and can be
performed in the ED or UC as an alternative to PS.>! A
HB is defined as a procedure where local anesthetic is
injected directly into the fracture site.!? However, many
clinicians have less confidence in the appropriateness
and efficacy of HB in children compared to adults,™
despite limited evidence to inform an opinion on the
matter. This perception allows for continued preferential
use of PS over alternative, less resource intensive means
of achieving anesthesia that may be equally effective.

The objective of this study was to review the available
literature regarding the use of HB in children with acute
forearm fractures requiring manipulation and compare
relative analgesic efficacy, anxiolytic effects, adverse ef-
fects (AE) of the procedure, and the outcomes of reduc-
tion when compared to PS.

Methods

Search Strategy

A systematic literature search was conducted in De-
cember 2023 following international guidelines.?? This
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rapid review protocol follows the PRISMA guideline.?
The MeSH terms used in conjunction with Boolean op-
erators were *Regional anesthesia OR regional block OR
hematoma block AND *Forearm OR Ulnar OR Radius
Fracture* AND *Pediatric OR Children*. These MeSH
terms provided focused and appropriate article results
without returning irrelevant articles. No date ranges of
publications were used given the few number of studies
returned in the preliminary search. Snowballing, a re-
search technique used to identify eligible studies from
the references of included studies, was used to identify
further eligible articles to include in the review.

Study Collection Criteria

Only journal articles were included in the review; grey
literature such as reports and documents that were not
published in academic journals were excluded. The
studies included ranged from quasi-experimental, ret-
rospective medical record review, prospective cohort
design, and randomized controlled trial.

The inclusion criteria were: exclusively pediatric sub-
jects (defined as an age <18 years); endpoints of efficacy
and adverse effects of the use of HB for forearm fracture
reduction; ED or outpatient setting; full text available;
and English language publication. The exclusion criteria
were: grey literature; non-peer reviewed publications;
and case reports.

Data extraction

After removing duplicate articles, the abstracts of results
returned were reviewed to ensure they met the eligibility
criteria of this review. The full texts of each were then
further analyzed to confirm that it met inclusion crite-
ria. Data extraction was standardized to compare each
study’s aims, design methods, setting, participant demo-
graphics, outcomes, quality review, and suitability for
inclusion.

Quality Appraisal

Study quality assessment was completed for each pub-
lication meeting the initial screening for inclusion crite-
ria. Joanna Briggs Institute’s Critical Appraisal Tools were
used to evaluate the quality of publications.? There was
collaboration of the analysis of eligible articles and vali-
dating the findings, but all the preceding steps were
completed systematically by a sole author (SG). Rapid
reviews usually involve peer review throughout the lit-
erature review, but it can be completed by a sole re-
searcher that follows a systematic approach with a prede-
termined search protocol, predefined inclusion criteria
and systematic data extraction.?*2° This review was car-
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Figure 1: The PRISMA Diagram
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ried out in a structure consistent with this approach.

Results
A PRISMA flow chart was used to record the data ex-
traction process (Figure 1).

From the initial search, 19 studies were identified.
The studies contained the following databases : PubMed
(n=13 results), ERIC (n=0 results), Embase (n=6 results),
and PsycINFO (n=0 results). Of these 19 studies, the ab-
stracts were screened to ensure they fully met the eligi-
bility criteria for inclusion. The full texts of these 14 ar-
ticles then underwent further analysis to determine if
articles met the determined inclusion criteria. The ref-
erence lists of all studies that underwent full-text anal-
ysis were then reviewed to identify further potential
eligible studies. This identified 1 additional eligible
study, leading to 4 studies total included in the final re-
view.

The systematic literature review established 4 articles
in the wider literature that meet the study eligibility
criteria.

The included articles were highly heterogenous in
their study populations, design, and geography. Three
studies were conducted in the United States, and 1 was
conducted in India. Two of the studies reviewed the
use of HB in comparison to PS for DRFs specifically.” 13
These studies were interventional studies. One com-
pared the use of RA for diaphyseal forearm fractures.?
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One study, Sulton et al., included all pediatric forearm
fractures but defined RA as either BB or HB, and com-
pared this to PS.?® This was the only retrospective elec-
tronic medical record (EMR) review.

The studies each used different medications for the
PS group. The HB groups also had some variability with
the doses ranging from 5-15 mL of 1% lidocaine without
epinephrine. There was also heterogeneity in the aver-
age subject age and the ages included in the study. Sim-
ilarly, the eligibility criteria varied between studies. The
majority of the studies evaluated procedural success (ie,
adequacy of reduction), efficacy of analgesia, and proce-
duralist, patient, and parental satisfaction between the
interventional arms. However, the validated scoring
tools used to measure these outcomes varied as well.
The overall participant numbers included in each study
were not significant, however, this was particularly small
for Sulton et al. as they included both BB and HB under
the RA arm.

“This literature review confirms a
consensus of evidence
supporting the adequacy of HB
for achieving sufficient analgesia
to allow for appropriate closed
reduction of forearm fractures in
the pediatric population.”

Despite these differences between studies, the results
were consistent across all publications: HB provided ex-
cellent reduction outcomes; excellent analgesia and
anxiolysis; and was found to be satisfactory by the
proceduralist, patient, and their family.” 15 1 25 Ad-
ditionally, the aggregate results suggest that analgesia
provided by HB is comparable to that of PS and did not
compromise the immediate likelihood of successful re-
duction or long-term outcomes.' 25

In all studies, adverse effects in the RA groups were
statistically less frequent than in the PS groups. All
studies demonstrated that the RA groups had signifi-
cantly shorter length of stay (LOS) during their ED visit.
The largest time difference, found in the Bear et al.
study, was an average reduction of 2 hours in the ED
LOS for the RA group.” Refer to Table 1 for a summary
of the literature review findings.

www.jucm.com

Discussion

Although there are relatively few articles that explore
the use of HB for facilitating reduction of forearm frac-
tures in children, this literature review confirms a con-
sensus of evidence supporting the adequacy of HB for
achieving sufficient analgesia to allow for appropriate
closed reduction of forearm fractures in the pediatric
population.” 1015.19,25

Although not all forearm fractures are amenable to
RA or HB, HB would be reasonable for most pediatric
forearm fractures that require closed reduction.” Fur-
thermore, many pediatric forearm fractures, such as
buckle/torus fractures or minimally displaced fractures,
do not require any manipulation.” The efficacy and
safety of BB and HB approaches to RA have been well
studied in adult populations'? !> 17 and also show a low
risk of AE or toxicity with appropriate dosing.?® Ho-
wever, as this review demonstrates, the use of RA prior
to closed reduction of pediatric forearm fractures is less
well studied.?” This lack of evidence may contribute to
limited use of these anesthesia techniques in children
with forearm fractures in favor of PS.11- 1718

For example, in a survey of U.S. and Canadian pedia-
tric orthopedic and emergency physicians, 42% of re-
spondents reported they used RA for pediatric forearm
fractures “rarely” or “never.” Among the 22% of respon-
dents who reported never using RA, there was a pervasive
belief reported that it would provide insufficient anal-
gesia.” This belief, however, is not substantiated by prior
studies 7 or by the findings of this literature review.

HB anesthesia represents a less resource intensive al-
ternative to PS for analgesia in the reduction of pediatric
forearm fractures and existing evidences suggest it is
not inferior to PS.” The findings of this review also con-
firm the obvious benefits of HB in UC. The anesthetic
agent used is widely available, easy to administer, effec-
tive, safe, and inexpensive. It can be provided rapidly
and is agreeable to patients and parents, while not re-
quiring monitoring or special equipment.* HB satisfies
these criteria for the majority of cases of forearm frac-
tures.” PS has its own limitations, including an exposure
to numerous medications with potential side effects,
need for physicians with competence in airway man-
agement and registered nurses to provide continuous
monitoring due to the risk of hypotension and airway
compromise. The medications, equipment, and staff
required to perform such PS is rarely available in UC
settings, nor does the time required for PS and recovery
fit into the UC model of patient flow. The articles in-
cluded in the literature review demonstrated that using
RA reduced ED LOS up to 2 hours.” This benefit is ex-
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Table 1. Literature Review Findings Summary — Systematic Rapid Review: Efficacy of Hematoma Blocks for

Pediatric Forearm Fractures

Author: Bear et al.?

Article: Hematoma Block Versus Sedation for the Reduction of Distal Radius Fractures in Children, 2015

Aim: Hematoma block (HB) vs. procedural sedation (PS) for distal
radius fractures (DRF). Method: Quasi-experimental study Pittsburgh,
Penn., USA; 2012 to 2014.

PS regime - Initial intravenous (IV) ketamine, midazolam, and
atropine.

HB regime — 10 mL of 1% lidocaine (100 mg). IV morphine or oral
midazolam provided at doctor’s discretion.

Findings: 52 children, 26 each in each arm. Ages 5-16. Similar
demographic in both groups. No difference between groups with
overall patient satisfaction or satisfaction with anesthesia. Patients
receiving HB spent an average ED LOS of 134 min less than the PS
group (P <.001). No significant differences in reduction outcome.

Strengths: Prospective, interventional study, similar subject
characteristics in both groups.

Weaknesses: Single center trial. Lack of randomization and blinding.
Majority of patients were age 9 and older.

2023
Author: Sulton et al.*®

Article: Regional Anesthesia as an Alternative to Procedural Sedation for Forearm Fracture Reductions in the Pediatric Emergency Department,

Aim: Regional anesthesia (RA) Bier block or HB vs. PS for reducing
forearm fractures. Method: Retrospective EMR review of pediatric DRF
in 2 urban pediatric EDs in the USA. Ages 2 to 18 years between 2016
to 2021.

Cohorts were matched to reduce selection bias. PS regime -
ketamine +/- propofol. HB regime - 1% lidocaine without epinephrine

Findings: 642 in RA group (636 received BB, 6 received HB). Similar
characteristics between the matched cohorts. 13% of PS encounters
had an AE with only 0.2% in the RA cohort, P<0.001. Most common AE
was hypoxia (9.8%) and upper airway obstruction (3.2%) only
occurring in the PS. No reduction failures in either group. LOS was on
average 27 minutes less for the RA group. (p<0.001).

Strengths: Research procedure well-detailed. Large number of
patients.

Weaknesses: Retrospective cohort analysis. Only 6 patients received
a HB.

2021
Author: Mander et al.>

Article: Reduction of Forearm Diaphyseal Fractures In Children Under Hematoma Block In Emergency: A Prompt and Cost-Effective Approach,

Aim: Review closed reduction of radius or ulnar diaphyseal fractures
under HB. Method: Prospective cohort study in India. 5-11 years with
diaphyseal forearm fracture; 2019 to 2020.
HB group - smL of 2% lidocaine (100 mg).

Findings: Total of 20 patients. 70% had both radius and ulnar
diaphyseal fractures. 4 cases (20%) lost alignment and required
repeat intervention. The remaining had no issues with reduction.

Strengths: Prospective, Interventional study. Follow-up available up
to 6 months post-treatment.

Weaknesses: Small sample. Only included diaphyseal forearm
fractures.

Forearm Fracture Reduction in Children, 2006
Author: Luhmann et al.®»

Article: A Randomized Comparison of Nitrous Oxide Plus Hematoma Block Versus Ketamine Plus Midazolam for Emergency Department

Aim: Compare PSvs. RA - nitrous oxide and hematoma block
(N,0/HB), for forearm fracture reduction. Method: Randomized
controlled trial. Ages 5 to 17 ED in St. Louis, USA; patients who
required reduction of mid- to distal forearm fractures. PS group:
midazolam + ketamine.

HB regime: 50% N,,0 and 02 before HB with a maximum of 150 mg
(15 mL of 1% lidocaine).

Findings: 102 children, 55 in PS and 47 in RA group. Similar
demographics across both cohorts. Both groups had very little
distress during procedure. Mean recovery time was significantly
shorter for children who received N,0/HB (16 minutes) compared
with PS (83 minutes). More parents of those children who underwent
N,0/HB would opt to repeat this method. Orthopedic surgeon
assessment reported no difference in satisfaction of reductions both
groups.

Strengths: Randomized design. Blinded evaluator of pain and
distress levels. Reasonably sized study population.

Weaknesses: True blinding was not possible given study
methodology. Singler center study. Follow-up to only 24 hours post-
discharge. HB block group also received nitrous oxide for anxiolysis

actly why HB is particularly appealing for use in UC
settings and may prevent the need for ED referrals,
especially given unanimous support for its safety and
efficacy in the existing literature.

Although we did not assess cost-effectiveness of HB
compared with PS, there are reduced direct and indirect
costs such as staffing, costs of medications, and oppor-
tunity costs of seeing other patients during PS and mon-
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itoring.”!° HB can also be performed much more rapidly,
does not require IV access, has decreased demands of
clinicians’ time, and has fewer risks. HB importantly
also provides adequate analgesia (which extends into
the post-procedure period) without compromising ra-
diographic outcomes of reduction adequacy.!* 220

Although RA is generally well tolerated, in younger
children (<6 years) the anxiolytic benefits of PS may be
superior.'® 272030 This may limit the utility of RA in the
management of pediatric forearm fractures in preschool
aged children.

Strengths of Literature Review
This literature review, the first of its kind on this topic,
was conducted systematically, with clearly specified
search parameters, inclusion and exclusion criteria. A
systematic approach to quality appraisal was applied as
well to limit researcher bias.

Several studies compared HB directly to PS, which
helps increase the applicability of the findings to the
clinical question the review aimed to address. All studies
included had similar outcome measures: quality of re-
duction; adequacy of analgesia and anxiolysis in pa-
tients, parents and clinician; LOS; and AE.

Limitations of Literature Review

All steps in a “rapid review” approach are completed
with collaboration from multiple authors, however, it
is still possible to undertake the review with a sole re-
searcher if a systematic process is undertaken.?® In this
review, all authors participated in determination of eli-
gible articles, but subsequent steps were completed sys-
tematically by a sole author (SG).

Overall, the small number of studies on this specific
topic is the main limitation in interpreting the results
of this review. The aggregate number of patients across
all 4 studies was small (<800 children), and the study
design was unsurprisingly somewhat heterogenous.
Only a single study used a randomized, blinded, and
prospective design, which would be ideal for increasing
certainty as to the lack of confounding.

This literature review did not explore other forms
RA, such as periosteal nerve blocks, axillary nerve or
other peripheral nerve blocks, or BB. These forms of RA
were intentionally not included because these forms of
RA are generally outside the scope and training of many
UC clinicians.!” As previously mentioned, due to the
ages of subjects included in the studies reviewed, the
applicability of the findings of this review in patients
less than 6 years is uncertain.
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Recommendations

When encountering situations where closed reduction
of pediatric forearm fractures is indicated, HB would be
appropriate to consider as the first-line method of anes-
thesia, especially in UC settings.” > When RA does not
provide adequate anesthesia, use of PS would remain
an option although it may involve referral to an ED
setting.”

Future studies on this topic should use prospective
design and randomization as much as able to limit bias
and confounding. Additionally, UC-based studies could
confirm that this approach is safe, effective, and feasible
outside of ED settings.

Although less extensively studied, for middle to distal
forearm fractures, lidocaine HB can augment the bene-
fits of NoO based sedation and analgesia, *' and this
could be further studied as NyO requires fewer staff
and resources than IV medication based PS. Luhmann
et al. demonstrated the efficacy of the combination of
NyO/HB in fracture reduction outcomes, analgesia, anx-
iolysis, and acceptability for parents, patients, and in-
terventionalists.!> However, there may be disadvantages
of using the NoO/HB combination compared to using
HB alone or PS and this should be further explored.'

Conclusion

Overall, this literature review summarizes the existing
evidence on the use of HB to facilitate closed reduction
forearm fractures in children. While studies are few in
number, there are consensus results which indicate that
RA, and specifically HB, is a safe, effective, and well tol-
erated alternative to PS for the management of pediatric
forearm fractures. M

Manuscript submitted May 18, 2024; accepted October 7,
2024.
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