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Introduction: Opioid-associated risks and the opioid epidemic have accelerated interest in multimodal analgesia
in the emergency department (ED). Regional anesthesia offers a targeted approachwith reduced risk of systemic
adverse effects and is increasingly used under ultrasound guidance.
Objective: This concise, evidence-based review explores pharmacological principles of local anesthetics describ-
ing key aspects of structure-activity relationship, providing context for agent selection. Additional considerations
include dosing strategy, adjunctive medications, potential risks, toxicity mitigation, and operationalization of
regional anesthesia in the ED.
Discussion: Regional anesthesia is used with increased frequency in the ED. Pharmacologic properties of
commonly used local anesthetics and adjunctive agents determine their advantages and limitations as well as
place in therapy. There are a variety of anesthetic agents, including amides (e.g., lidocaine, bupivacaine, ropiva-
caine, levobupivacaine) and esters (e.g., articaine, chloroprocaine) with differences in onset, duration, and toxic-
ity profiles that influence agent selection in ED patient populations. Adjuncts such as epinephrine,
dexamethasone, and alpha-2 agonists may extend nerve block duration or improve analgesia but introduce
safety and operational considerations. Recognition of local anesthetic systemic toxicity (LAST) remains central
to safe practice, underscoring the importance of weight-based dosing, ultrasound guidance, monitoring, and im-
mediate access to lipid emulsion therapy. Systems-based approaches such as order sets, pharmacist involvement,
and structured training support consistent and safe application of regional anesthesia in the ED setting.
Conclusions: Safe integration of regional anesthesia in the ED requires pharmacologic literacy, standardized
systems, and multidisciplinary support to optimize analgesia while minimizing risk.
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1. Introduction

Providing appropriate analgesia is an integral component of care in
the emergency department (ED). While opioid medications have been
a mainstay of pain management, this medication class possesses many
adverse effects, including sedation, respiratory depression, constipation,
physical dependence, and the risk of developing a life-threatening opi-
oid use disorder [1-6]. In addition to the recent opioid epidemic,
these risks have driven an increased interest in multimodal pain
cluding those for text and data minin
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control that reduces opioid exposure while maintaining effective pain
control [7,8].

Regional anesthesia (often referred to as “nerve blocks”) is a
component of multimodal pain control that involves the injection
of a local anesthetic near a specific nerve or collection of nerves
[5,9-11]. The effectiveness and safety of regional anesthesia is well
established in the anesthesia literature. Compared with systemic an-
algesia, regional anesthesia has demonstrated effective analgesia and
improved patient satisfaction and post-surgical functional outcomes,
while also decreasing the risk of delirium, opioid requirement, length
of stay, and total cost [12-26]. In patients with hip and rib fractures,
regional anesthesia has also been associated with reduced mortality
[27,28].
g, AI training, and similar technologies.
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Recently, regional anesthesia has been used outside of the surgical
setting, including the ED, particularly in concert with ultrasound guid-
ance [2,27,29-32]. In the ED setting, regional anesthesia provides
rapid, safe, and effective analgesia across a wide range of clinical indica-
tions including fracture management, procedural analgesia, and other
acute or chronic pain conditions [19-21,28,31,33-50]. TheAmerican Col-
lege of Emergency Physicians (ACEP) recognizes ultrasound-guided
nerve blocks as a core application of emergency ultrasound for acute
pain management, and ultrasound-guided procedural skills—including
regional anesthesia and specific peripheral nerve block techniques—
are incorporated into the procedural content domains used by the
American Board of Emergency Medicine (ABEM) for emergency
physician training and certification [51,52].

The translation of these professional standards into routine clinical
practice requires more than technical proficiency alone. Emergency
cliniciansmust decisively select appropriate local anesthetic agents, cal-
culate weight-based dosing across heterogeneous patient populations,
determine when adjunctive agents may provide benefit or pose risk,
and promptly recognize and manage rare but potentially life-
threatening complications such as local anesthetic systemic toxicity
(LAST). Standardized education; structured ultrasound-guided nerve
block training; familiarity with pharmacokinetic principles relevant to
emergency care; and systems-based safeguards such as dosing tools,
order sets, and immediate access to lipid emulsion therapy are essential
to safe implementation. Accordingly, this review focuses on the
pharmacotherapeutic considerations most relevant to emergency clini-
cians and provides a practical framework to support the integration of
regional anesthesia into contemporary ED practice.

2. Local anesthetics

2.1. Pharmacology and pharmacokinetics

Local anesthetics exert their effect by blocking voltage-gated sodium
(Nav) channels along neuronal membranes, preventing sodium influx
and thereby inhibiting action potential initiation and propagation.
Because the Nav channel’s voltage-dependent activation site is located
Fig. 1. Pharmacologic determinants of local anesthetics. pKa governs ionization and membran
duration; and intermediary linkage determines metabolism and potential antigenicity.
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on the intracellular surface of the neuronal membrane, local anesthetics
must access the interior of the neuron to exert an effect, for which the
degree of ionization, tissue pH, and onset of action are clinically impor-
tant determinants of efficacy [53].

Local anesthetic molecules share three key structural components:
lipophilic aromatic group, an intermediary linkage (either ester or
amide), and a terminal tertiary amine (Figure 1) [54]. As with most
drugs, local anesthetics are weak bases and chemically stable as hydro-
chloride salts. While this contributes to pharmaceutical stability, it also
lowers the solution’s pH to approximately 4-6 (or 3-5 when epineph-
rine is added) [55,56]. The resulting acidity often produces a brief burn-
ing sensation during tissue infiltration. Each agent has a characteristic
pKa that determines theproportion of drug that is ionized at physiologic
pH [54]. In acidic tissue environments (e.g., infection or ischemia), the
equilibrium is shifted to favor the ionized form, and less active drug is
available to diffuse across cellularmembranes (Figure 2). Consequently,
the pKa is a key determinant of onset, with higher pKa values relative to
tissue pH associated with longer time to onset. Although receptor bind-
ing ultimately requires the ionized form intracellularly, reduced mem-
brane penetration in acidic tissue environments predominates as the
limiting factor leading to diminished anesthetic effectiveness.

Another important pharmacologic characteristic is lipophilicity, re-
quired to diffuse intracellularly to the Nav channel binding site [54,57].
Agents with higher lipophilicity are generally more potent, but also
more prone to toxicity. The logD reflects a drug’s tendency to
penetrate lipid membranes at a given pH (Table 1) [58]. Lipophilicity
also confers the ability for local anesthetics to diffuse into cardiac
myocytes or across the blood-brain barrier, causing unintended cardiac
or central nervous system (CNS) adverse effects, respectively. Together,
pKa, lipophilicity (logD), and protein binding influence clinically rele-
vant properties such as onset, potency, and duration of action, which
in turn guide agent selection for specific procedures and block types.
In practice, agents with lower pKa values provide faster onset for
time-sensitive procedures (e.g. laceration repair), whereas more lipo-
philic and highly protein-bound agents produce longer duration of an-
esthesia for major nerve blocks (e.g. pericapsular nerve group block
for hip fracture) but may carry greater toxicity risk. Table 1 highlights
e penetration; lipid solubility relates to potency and toxicity; protein binding influences
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Fig. 2. Local anesthetics are weak bases that exist in equilibrium between ionized and unionized forms. The non-ionized fraction diffuses across neuronal membranes, while the ionized
form binds intracellular voltage-gated sodium channels to inhibit conduction. When tissue pH falls below the drugs pKa (e.g. infection or ischemia), the proportion of unionized drug
decreases, reducing membrane penetration and clinical efficacy.
how commonly used local anesthetics vary across these properties, il-
lustrating the relationship between pKa, lipophilicity, and expected
onset and duration.

Local anesthetics are generally categorized by their intermediary
linkage structure, which primarily relates tometabolic pathways. Esters
are rapidly metabolized by plasma esterases, most of which form para-
Table 1
Local anesthetics [54,58,152-155].

Medication Concentration Dose

Esters
Articaine 4% 20 to 136 mg (Max 7 mg/kg)
Chloroprocaine 1%, 2%, 3% 11 mg/kg (max dose 800 mg)

with epinephrine: 14 mg/kg (max 100
Cocaine⁎ 4% 3 mg/kg (topical)
Prilocaine 4% 6 mg/kg (400 mg max)

(w epi 1:200K) 8 mg/kg (max 600mg

Amides
Bupivacaine 0.25%, 0.5%, 0.75% 2.5 mg/kg (max dose 175 mg)

with epinephrine: 3 mg/kg (max 400

Levobupivacaine⁎⁎ 0.25%, 0.5%, 0.75% Single dose: up to 150 mg
24 hours: up to 400 mg

Lidocaine 0.5%, 1%, 1.5%, 2%, 4% 4.5 mg/kg (max dose 300 mg)
with epinephrine: 7 mg/kg (max dose

Mepivacaine 1%, 1.5%, 2%, 3%c 6 mg/kg (max dose 400 mg)
Ropivacaine 0.2%, 0.5%, 0.75%, 1% 3 mg/kg (max dose 300 mg)
Liposomal bupivacaine 1.3% 7-20 mL (max dose 266 mg)

a Reported durations are typically for local blocks, and vary depending on type of regional b
b logD greater than 0 indicates lipophilicity; > 2.0 is highly lipophilic; logD derived from pK
c Mepivacaine available as 1%, 1.5%, 2% in the United States; available as 3%.
⁎ Available as topical only in United States.
⁎⁎ Not available in United States.
⁎⁎⁎ Once bupivacaine molecule is released from lipid matrix, follows similar chemical propert
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aminobenzoic acid (PABA). While the PABA metabolite is inactive, its
high immunogenicity is thought to be responsible for hypersensitivity
reactions, although true allergic reactions are rare [59,60]. Amides are
metabolized hepatically, with potential accumulation in hepatic dys-
function with large repeat doses [54,61]. Local anesthetics with higher
degree of protein-binding (e.g., bupivacaine) exhibit a longer duration
Onset
(minutes)

Durationa Physiochemical
properties

pKa logDb (pH7.4)

1-9 2 hours 7.8 1.7

0 mg)
6-12 60 minutes

⁎60-90 with epi
9.1 1.15 (0.86 at 7.1)

8.6 1.9

) in 2 h
2 2-3 hours 7.7 1.4

mg)
2-10

28

2-4 hours
(3-8 with epinephrine)

8.1 2.6

≤15 2-9 hours 8.1 2.8

500 mg)
1-3 60-120 minutes

(120-240 with epinephrine)
7.8 1.6

3-20 45-90 minutes 7.7 1.5
3-20 3-15 hours 8.1 2.1
30-60 72-120 hours 7.8 N/A⁎⁎⁎

lock, which may be increased.
a and logP values in PubChem database.

ies as bupivacaine.
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of action at the site of administration. Lower protein-binding capability,
and therefore a greater potential for toxicity, is seen in acidemia, hepatic
disease, pregnancy, and infants less than 6 months of age [54,62].

2.2. Clinical application and agent selection

There are a variety of available local anesthetics (Table 1). Regional
anesthesia was first documented in 1885 using cocaine; however, vari-
ous undesirable effects including coronary vasospasm, sympathetic
stimulation, and physical dependence led to the development of other
agents [9,63]. In the ED, a local anesthetic should be selected based on
the desired duration of action. A quicker recovery and shorter analgesia
duration may be appropriate for shoulder, elbow, or simple fractures,
while a long-bone, hip, or rib fracture or back pain may warrant longer
duration of action [48,64,65]. ED clinicians should note the nuances of
various agents, when an alternative may be appropriate, and how ad-
junctive agents mixed with the local anesthetic may enhance pharma-
cologic properties (Table 2). Observational data from large emergency
medicine registries demonstrate that lidocaine, bupivacaine, and ropi-
vacaine account for the vast majority of local anesthetics used in
ultrasound-guided ED nerve blocks, reflecting their favorable balance
of onset, duration, and safety in acute care settings [66].

Lidocaine is an amide agent commonly used in the ED, given its rapid
onset of action within 1-3minutes with an intermediate duration of ac-
tion (up to 2 hours without epinephrine; Table 1). Because of its rapid
onset and moderate duration, lidocaine is particularly useful for short
procedural blocks in the ED, including digital blocks, superficial
wound infiltration, and upper-extremity blocks used for fracture reduc-
tion or abscess drainage, where rapid analgesia and reassessment are
desirable.

Longer-acting agents such as bupivacaine or ropivacaine are fre-
quently preferred for nerve blocks used in traumatic injuries, including
fascia iliaca or pericapsular nerve group (PENG) blocks for hip fracture
and serratus anterior or erector spinae plane blocks for rib fractures,
where sustained analgesia may reduce opioid requirements [10,27,
66]. Median durations of bupivacaine and ropivacaine vary widely
based on location of injection but are usually between 3 and 8 hours
Table 2
Adjunct agents in peripheral nerve blocks.

Adjunctive Agent Dose and Concentration Impact in Care

Epinephrine 5 mcg/mL (1:200,000)⁎⁎ or 10 mcg/mL (1:100,000) Increased durat
minutes.

Sodium
bicarbonate

1 mEq added to every 10 mL lidocaine or
mepivacaine; 0.12 mEq added to 10 mL
bupivacaine [156]

Buffering allow
reduced pain at

Dexamethasone 4-10 mg Studies suggest
but up to 10 mg

Motor/sensory
Analgesia increa

Clonidine 0.5 mcg/kg (max 150 mcg) Prolongs motor

Dexmedetomidine 0.75-12 mcg/kg (30-50 mcg maximum suggested) Shown to exten
by 284 min. Ma

Magnesium
sulfate

150-200 mg Reduces pain, n
12h.

Opioids Buprenorphine 0.1-0.3 mg Recommended
peripheral block
evidence.

LA: local anesthetic.
⁎ Most local anesthetic/adjunct combinations lack supportive evidence for stability and are o

due to potential for precipitation or degradation.
⁎⁎ The use of ratios are no longer recommended by the Institute of Safe Medication Practices
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in superficial infiltration [55,67]. Bupivacaine’s onset is reported as 2-
10 minutes for more superficial blocks, but studies have demonstrated
an onset between 20-30 minutes in deeper (femoral and sciatic) nerve
blocks [53,55].

Levobupivacaine, the isolated S-enantiomer of bupivacaine, exhibits
reduced central nervous system (CNS) and cardiotoxicity compared
with racemic bupivacaine. Although not available in the United States,
it demonstrates comparable efficacy with a more favorable safety pro-
file compared to bupivacaine [68-70]. The dose and pharmacokinetic
profile are similar to bupivacaine [71].

A liposomal formulation of bupivacaine provides sustained-release,
extending analgesia up to 72 hours by gradually releasing the drug
over time [72]. This product should never be mixed with other medica-
tions, as it may damage the lipid mechanism and provide a toxic release
of bupivacaine [73]. Although perioperative studies have demonstrated
potential advantages, including reduction in ED visits post-discharge,
data supporting its use in the ED remain limited, and cost considerations
restrict widespread adoption [74,75].

Other extended-release bupivacaine formulations, including
bupivacaine–meloxicam and bupivacaine implant products, are ap-
proved in the United States but are not indicated for regional nerve
blockade, being intended for postsurgical analgesia andwound implan-
tation, respectively.

Chloroprocaine (2-chloroprocaine) is an ester compound with an
excellent safety profile and ultra-short half-life (23 seconds in plasma
circulation) [76]. Although this agent is historically employed in obstet-
rics due to its favorable safety profile in pregnancy, there may be utility
in the ED setting for procedures where a very short duration and rapid
neurological reassessment are desired. Chloroprocainemay also be con-
sidered in patients with a suspected amide local anesthetic allergy, as
ester anesthetics undergo rapid plasma metabolism and exhibit mini-
mal cross-reactivity with amide agents.

Prilocaine and articaine are approved for use in dental nerve blocks
due to rapid onset, short-to-moderate duration of action, and favorable
safety profile [77,78]. These agents are most commonly used for dental
and oral nerve blocks, but their rapid onset and favorable safety profile
may make them reasonable alternatives for superficial facial or oral
Additional Considerations⁎

ion of regional analgesia by 60 Allows for a higher dose of LA.
Concern for digit ischemia in local blocks not well
founded.

s for quicker LA onset and
injection site.

No commercially available products in the United
States.
Studies show mixed benefit.

Use immediately if mixing with anesthetics due to
concern for precipitation or product degradation

maximum effect with 4-5 mg,
has been used successfully.

block increased up to 2 hours.
sed to 4-7 hours.

Use preservative-free formulations when possible.

and sensory block by 1.5-2h Systemic absorption may lead to bradycardia,
hypotension, and sedation.

d brachial plexus block duration
y reduce local inflammation.

Evidence on dosing limited.
Bradycardia and somnolence may occur
systemically; local vasoconstriction may occur
(>150mcg)

ausea, and vomiting at 6 and Generally well tolerated.

due to mixed results in
s; buprenorphine has best

Higher rates of nausea and vomiting.

ff-label. Bedside admixtures should be used cautiously and immediately after preparation

.
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procedural anesthesiawhen available. There are limited data comparing
effectiveness between specific local anesthetic agents in the ED. Table 1
includes a summary of commonly available local anesthetic formula-
tions and pharmacological properties.

3. Combining agents

Combining different local anesthetics in a single nerve block is un-
necessary and not recommended due to complexity, potential for drug
incompatibility, and lack of clinical benefit [79,80]. Multiple studies
have demonstrated a slightly quicker onset of action but a paradoxically
lower duration of action,with no benefit in sensory ormotor block qual-
ity [53,80-86]. The shorter duration of effect is thought to arise from
protein displacement of competing agents, resulting in increased free
plasma drug levels and thus rapid drugmetabolism. Higher levels of cir-
culating free drug also increase the risk of LAST [87].

4. Adjunctive agents

Adjunctive agents can be added to local anesthetics to enhance their
pharmacologic properties, which in turn optimizes the block duration
and quality of analgesia (Table 2). Extreme caution should be taken
when mixing any medications in the same syringe, as such admixtures
are often off-label and may carry risks of incompatibility, precipitation,
or dosing error.

4.1. Epinephrine

A commonly used adjunct is epinephrine, which is added to local an-
esthetics for its vasoconstrictive effects, thereby reducing systemic ab-
sorption and prolonging the anesthetic effects. This allows for a higher
dose of local anesthetic to be administered (note the maximum doses
with and without epinephrine in Table 1). Transient sympathetic ef-
fects, including tachycardia,may occur, particularlywith inadvertent in-
travascular absorption. Historical dogma is that epinephrine injection
should be avoided in the digits, nose, and penis due to risk of ischemia;
however, no evidence of necrosis has been reported [88]. Despite the In-
stitute for Safe Medication Practice petitioning the FDA to remove epi-
nephrine ratio-based dosing due to serious and fatal errors, ratio
dosing persists in common commercial products [89]. Thus, the dose
of epinephrine combined with local anesthetics commercially available
is 1:100,000 or 1:200,000, equating to 10mcg/mL or 5 mcg/mL, respec-
tively. It is preferred to use commercially manufactured products over
manually prepared admixtures, given the risk of errors and potential
risk of local ischemic injury. Epinephrine is also the most studied ad-
junctive agent. A systematic review and meta-analysis of 70 studies
(n=3644) examined epinephrinewith local anesthetics for epidural, in-
trathecal, or locoregional anesthesia [90]. Using trial sequential analy-
ses, it found that epinephrine extended the duration of action by 60
minutes; however, there was insufficient information to determine its
impact on adverse effects. A poison center study analyzed digital
injection of epinephrine auto-injectors for anaphylaxis (higher concen-
tration and dose relative to regional anesthesia) and found that only 3%
had ischemic effects documented, whichwere treatedwith a local vaso-
dilator (e.g., topical nitroglycerin) with complete resolution of symp-
toms [91]. Thus, the risk of adverse effects from the addition of
epinephrine to local anesthetics is likely very low.

4.2. Dexamethasone

Dexamethasone added to peripheral nerve blocks has been shown
to decrease the onset and significantly increase duration of nerve blocks,
while reducing post-procedure pain intensity [66,92]. Evidence indi-
cates the most robust effect of dexamethasone is in brachial plexus
blockade, wheremotor and sensory blockade is increased by an average
of 2 hours compared to local anesthetic use alone [93,94]. The duration
67
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of analgesia has been shown to last up to 4 to 7 hours after perineural
injection [95].While intravenous administration has been studied, peri-
neural administration is considered the standard route to limit systemic
effects of dexamethasone and maximize intended local effect [96].
Dexamethasone’s mechanism of action is not well understood but is
thought to be related to its anti-inflammatory effects and local nocicep-
tive C-fibers [97]. Perineural dexamethasone doses of 8-10 mg have
been most frequently studied, though lower doses (4-5 mg) have
been used and shown equal benefit regarding duration of sensory
block and analgesia [92]. Based on animal studies, there is some concern
for local neuronal cell death when dexamethasone is employed in re-
gional blockade [98]. For this reason, it is prudent to utilize the preser-
vative free dexamethasone phosphate (10 mg/mL) product.

4.3. Sodium bicarbonate

Sodium bicarbonate may be added to local anesthetics for two rea-
sons. First, inflamed and infected tissues are more acidic, reducing the
amount of unionized local anesthetic available to cross intracellularly
and provide analgesia (Figure 2). Buffering shifts the pH, allowing for
more unionized drug to be immediately available, theoretically result-
ing in amore rapid onset. However, studies evaluating bicarbonate alka-
linization show inconsistent effects on onset. Some trials report a
modest acceleration, typically 5-10 minutes earlier onset in epidural
and select peripheral nerve blocks, while others demonstrate nomean-
ingful difference depending on the local anesthetic and block location
[99-103]. Although alkalinization may modestly accelerate onset in
some settings, peak blood effect and overall duration generally appear
unchanged across studies [104-106]. Second, local anesthetics are pack-
aged as an acidic solution, frequently causing pain upon injection. Thus,
adding sodium bicarbonate reduces local injection site pain. A 2009
meta-analysis found that in 12 studies including 1224 patients, sodium
bicarbonate decreased pain on injection site by a mean of -1.17 on a vi-
sual analog scale [101]. Operationalizing buffered local anesthetics for
each use is challenging given short admixture stability (often requiring
immediate use after preparation) and frequent national shortages of so-
dium bicarbonate; thus, we suggest selective use (e.g., patients cannot
tolerate local anesthetic injection or procedures requiring extensive
local infiltration).

4.4. Alpha-2 adrenergic agonists

Alpha-2 adrenergic receptors are located in spinal and peripheral
nerve terminals and have long served as a target for neuraxial and re-
gional anesthesia although the exact mechanism is unclear [107].
Alpha-2 agonists, including dexmedetomidine and clonidine, are
shown to extend sensory and motor block duration and improve post-
operative analgesia. The vast majority of evidence is from perioperative
studies, with limited ED-specific data [108,109]. Dexmedetomidine is 8-
fold more selective for alpha-2 receptors than clonidine and typically
more readily available and less expensive than clonidine [110]. While
intravenous use of dexmedetomidine in the ED is limited by potential
bradycardia and hypotension, administration of larger doses peripher-
ally (above 150 mcg) may cause local paradoxical vasoconstriction,
due to loss of alpha-2 selectivity [80]. Therefore, administering
dexmedetomidine in fixed compartments (e.g. posterior popliteal
block) is cautioned. However, perineural administration of 30-50 mcg
dexmedetomidine has shown to prolong analgesia compared to lido-
caine or bupivacaine alone in brachial plexus blockade (by approxi-
mately 4-6 hours) and reduce local inflammation in femoral blocks
[111-114].

4.5. Magnesium sulfate

Magnesium sulfate as an adjunct for nerve blocks has been investi-
gated in multiple randomized controlled trials and meta-analyses,
ealth and Social Security de ClinicalKey.es por Elsevier en julio 16, 2026. 
ción. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.
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although virtually all available evidence derives from perioperative sur-
gical populations rather than the ED setting. It is used for its NMDA
receptor-modulating properties, which can reduce central sensitization
and theoretically prolong analgesia [115]. Ameta-analysis of 21 RCTs in-
cluding 1323 patients, mostly in a surgical setting, found that magne-
sium sulfate prolonged the total duration of sensory blockade, reduced
pain at 6 and 12 hours and reduced incidence of nausea and vomiting
following transversus abdominis plane blockade [116]. It has also dem-
onstrated a reduction in opioids up to 24 hours after the surgical proce-
dure [117]. The duration of sensory andmotor block vary by block type,
dose, and administration technique [116,118]. Its benefits must also be
balanced against potential adverse effects such as hypotension,flushing,
or bradycardia when administered systemically, though perineural dos-
ing appears generally well tolerated [115].

4.6. Opioids

The use of opioids as a supplement to local anesthetics is a long-
standing practice in neuraxial anesthesia (i.e., intrathecal, epidural).
However, opioids have demonstrated mixed results in various regional
blocks and for this reason are not commonly employed [119,120].
Buprenorphine is the most consistently effective opioid adjuvant for
peripheral nerve blocks; perineural administration combined with
local anesthetic has demonstrated a relatively longer duration of
analgesia than without [120]. Morphine and fentanyl may also prolong
analgesia, but the effect is less pronounced than buprenorphine.
However, opioid adjuncts are associated with higher rates of post-
operative nausea and vomiting [121]. Studies analyzing opioids as addi-
tives to nerve blocks have been performed in the peri-operative space
rather than the ED.

4.7. Additional considerations

Preservatives are common in injectable solutions and contraindi-
cated in neuraxial anesthesia (i.e., epidurals) due to a concern for
neurotoxicity [122]. Specifically, benzyl alcohol and methyl- or propyl-
parabens have been linked to aseptic meningitis and arachnoiditis
when used intrathecally [123]. While caution may be warranted in
neuraxial spaces, local anesthetics or adjuvant agents need not be
preservative-free for most regional anesthesia blocks in the ED.

5. Bleeding risks

Most peripheral or regional nerve blocks can be performed relatively
safely in the setting of anticoagulation or antiplatelet therapy. Hema-
toma formation and expansion are most concerning within non-
compressible sites of smaller, fixed spaces. The American Society of
Regional Anesthesia (ARSA) recommends holding antithrombotic ther-
apy in neuraxial (e.g., epidural) and deep plexus or any deep peripheral
block since these sites involve the highest risk of poor outcome [124].
Specific drug- and patient-level recommendations are covered in
ASRA guidance [125].

Neuraxial anesthesia should be avoided in the setting of a platelet
count less than 50,000/mcL [126]. While conservative, this cutoff is
often extrapolated to regional anesthesia. In practice, the decision
should incorporate not only the absolute platelet count but also the
trend, underlying etiology of thrombocytopenia, presence of coagulop-
athy, and overall clinical context.

6. Adverse effects

6.1. Local anesthetic systemic toxicity

LAST is an important consideration for all clinicians who provide
regional anesthesia when administering local anesthetics. Although
uncommon, LAST can be life-threatening [127].
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Within the CNS, Nav blockage can lead to neuronal excitation,
resulting in sensory or vision changes, muscle activation, or seizures
[127-129]. This can lead to altered mental status, coma, myocardial
depression, conduction abnormalities (e.g., PR and QRS prolongation),
and vascular tone instability, ultimately resulting in cardiac arrest
[127-129]. Seizure-induced hypoxia and acidemia may further com-
pound cardiovascular instability. Despite the risk, LAST is uncommon
in practice, with data reporting rates ranging from 0.03 to 1.8 per
1,000 cases [130-134]. The recent National Ultrasound-Guided Nerve
Block (NURVE) Registry reported a 0.4% complication rate across di-
verse block types, with only one case of intravenous intralipid emulsion
(ILE) administration out of 2,735 ultrasound-guided nerve blocks [135].
Risk of LAST is dose-dependent, emphasizing the importance of calcu-
lating and adhering to the maximum dose (including across multiple
or repeat injections). Ultrasound guidance helps to avoid accidental in-
travascular injection.We recommend injections beperformed 3-5mL at
a time, checking for deposition in theplane and avoidance of intravascu-
lar injection.

Among anesthetic agents, bupivacaine is considered more
cardiotoxic than ropivacaine, which is more cardiotoxic than lidocaine
due to the former’s higher affinity for and slower dissociation from inac-
tive Nav channels [127,129,136-138]. All patients receiving near
maximum recommended doses should be placed on a cardiac monitor
during the procedure to assess for cardiac dysrhythmias. Patients
receiving regional anesthesia should be monitored 30-45 minutes
post-procedure for findings suggestive of LAST [134].

First line treatment for LAST is ILE, in conjunction with supportive
care [125,127]. Table 3 describes ILE dosing. ILE is believed to function
as a “lipid shuttle”, transporting local anesthetic from areas of high
bloodflow(e.g., CNS, heart) to organs capable ofmetabolizing or storing
it [139,140]. This concept evolved from the earlier “lipid sink” hypothe-
sis, which proposed passive sequestration of lipophilic drug within the
intravascular lipid phase; the shuttle model instead reflects a more dy-
namic redistribution of drug away from target tissues. Moreover, ILE
provides a free fatty acid energy substrate, whichmay sensitize vascular
catecholamine receptors and have a direct inotropic effect in the setting
of cardiovascular instability [141-144].

Rapid recognition of LAST is essential to enable timely treatment and
prevent progression to cardiac arrest. However, the optimal timing for
initiating ILE remains unclear [145]. Although a lower threshold for treat-
ment is reasonable, clinicians should avoid administering ILE for nonspe-
cific symptoms alone. Perioral paresthesia or tachycardiamay occurwith
LAST but are also common in benign conditions such as anxiety or hyper-
ventilation. In these cases, vigilance and readiness (e.g., ILE at the bed-
side) are appropriate, but treatment should be deferred unless there are
electrocardiogram (ECG) changes, alteredmental status, or seizure activ-
ity. Bupivacaine carries stronger recommendations for ILE administration
given its unique profile and propensity for cardiotoxicity; however, in-
creasing reports of lidocaine-associated toxicity anddeath since 2010un-
derscore that attention should not be limited to bupivacaine alone [145,
146]. Sodium bicarbonate may be used for wide-complex tachyarrhyth-
mias and atropine for bradycardia associated with LAST [137]. Early con-
sultationwith a regional poison center is encouraged for suspected cases.

6.2. Methemoglobinemia

Development of methemoglobinemia is another concern with local
anesthetics. Historically, topical benzocaine is most often implicated,
with one report showing the agent precipitated two-thirds of all methe-
moglobinemia cases [147,148]. Management involves methylene blue
and poison center consultation (Table 3).

7. System design and implementation

Safe and sustainable implementation of regional anesthesia in the
ED requires deliberate systems-based support in addition to individual
ealth and Social Security de ClinicalKey.es por Elsevier en julio 16, 2026. 
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Table 3
Therapies for LAST and methemoglobinemia [134,137,146,157-159].

LAST Patient
weight

Bolus Additional dosing Considerations

Intravenous lipid
emulsion 20%
(20g/100mL)
formulation

≥ 70 kg 100 mL over 2-3
minutes, then 250 mL
over 10-15 minutes

250 mL over 10-15 min; if continued instability,
repeat bolus and administer additional 500 mL over
15-20 min (max total dose: 12 mL/kg)

Use Ideal Body Weight when calculating maximum dose
May decrease or terminate infusion if clinical status improves
Consider alternate diagnosis or therapy when 10-12 mL/kg
Adverse effects: hypertriglyceridemia, pancreatitis, fat
embolism, interference in colorimetric laboratory analysis (e.g.
creatinine, glucose, magnesium, bilirubin), ECMO circuit
obstruction, acute lung injury.

< 70 kg 1.5 mL/kg over 2-3
minutes

0.25 mL/kg/min over 15-20 min; if continued
instability, repeat bolus and administer additional
0.5 mL/kg/min over 30 minutes

Methemoglobinemia
Methylene Blue N/A 1 mg/kg over 5

minutes
May administer additional 1 mg/kg in 30-60
minutes if symptoms persist

Increased risk of hemolysis in presence of G6PD deficiency
Methylene blue acts as a potent, reversible inhibitor of
monoamine oxidase, preventing the breakdown of serotonin.
Serotonin syndrome has been reported.

G6PD: Glucose-6-phosphate dehydrogenase; ECMO: extracorporeal circulation membrane oxygenation.
clinician proficiency. Standardized order set development may reduce
practice variability while reinforcing safe pharmacologic dosing, appro-
priate monitoring, and ready access to rescue therapies. Well-designed
order sets can integrate weight-based local anesthetic dosing
calculators, default concentration selections, adjunct guidance, post-
procedure monitoring recommendations, and automatic inclusion of
ILE therapy when higher risk agents or larger volume blocks are se-
lected. Such standardization promotes adherence to best practices
while minimizing cognitive load.

Operationalizing regional anesthetics in clinical practice requires at-
tention tomedication selection, dosing strategies, workflow integration,
and safety monitoring. Selection of the local anesthetic should balance
onset time, duration of action, and toxicity risk, with commonly used
agents (namely lidocaine, bupivacaine, and ropivacainewith or without
epinephrine) chosen based on procedural needs and expected analgesic
duration. Incorporation of adjuvants can enhance block quality or
prolong analgesia, but requires careful consideration of compatibility,
evidence for benefit, and potential adverse effects. Epinephrine is com-
monly available in solutions with other local anesthetics, while other
adjunctive agents are not. Together, protocolization, interdisciplinary
collaboration, and education help ensure regional anesthesia is deliv-
ered safely and consistently while maximizing analgesic benefit.

Collaboration with emergency medicine pharmacists is critical to
optimizingmedication safety and operational feasibility. Pharmacist in-
volvement supports selection of appropriate local anesthetic formula-
tions and adjunctive agents, ensures availability of preservative-free
medications when indicated, and facilitates stocking and rapid access
to ILE therapy. Pharmacists can also play a key role in reviewing institu-
tional dosing thresholds, identifying high-risk medication combina-
tions, and supporting education around safe preparation and
administration of local anesthetics and adjuncts [149].

Structured training and credentialing pathways further support safe
adoption of regional anesthesia in the ED [150,151]. Competency should
encompass not only ultrasound-guided needle visualization and ana-
tomical identification, but also pharmacologic principles, dosing limits,
complication recognition, and post-procedure monitoring. Incorporat-
ing regional anesthesia training into established emergency ultrasound
curricula, including resident, fellowship-level, and faculty education,
provides a scalable framework for skill acquisition and quality assur-
ance. Ongoing physician input, procedural tracking, and quality review
can help refine protocols over time and ensure that regional anesthesia
is integrated into ED practice in a manner that prioritizes patient safety,
clinician confidence, and operational reliability.

8. Conclusion

Regional anesthesia represents an evolving, evidence-supported
component of multimodal analgesia in emergency medicine. Appropri-
ate local anesthetic agent selection, dosing, and administration
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techniques are essential to maximizing analgesic benefit while mini-
mizing adverse effects. Key pharmacologic properties of local anes-
thetics, including solution pH, pKa, and lipophilicity, directly influence
onset, potency, and duration of nerve blockade and should inform
agent selection. The judicious use of adjuncts may further enhance
block onset, duration, and quality, but should be guided by available ev-
idence, patient-specific factors, and safety considerations. Standardized
training and amultidisciplinary, systems-based approach can help opti-
mize the safe and effective implementation of regional anesthesia in the
ED.
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