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Abstract Lidocaine and mexiletine are class 1B antiar-
rhythmic drugs that act on sodium channels. Lidocaine is
also an important anesthetic and topical agent that is useful
in the treatment of multiple pain disorders, and mexiletine
is commonly used for neuropathic pain and myotonia. Both
intravenous lidocaine and mexiletine are increasingly used
to treat pain syndromes and appear to be particularly
effective in neuropathic pain. This suggests a role for these
agents in patients with headache disorders. This article
describes the role of intravenous lidocaine and mexiletine
in the management of headache and trigeminal autonomic
cephalalgias based on the published literature to date and
provides practical guidelines for their use.
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Introduction

Trigeminal autonomic cephalalgias (TACs) are character-
ized by frequent attacks of unilateral headaches with
autonomic features [1]. Cluster headache (CH), short-
lasting unilateral neuralgiform headache with conjunctival
injection and tearing (SUNCT), and short-lasting unilateral
neuralgiform headache attacks with cranial autonomic
symptoms (SUNA) are TACs that occasionally require
emergency treatment. SUNCT and SUNA are especially
refractory to treatment with acute analgesics, including
opioids [2, 3], and may present with status-like frequency,
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requiring urgent treatment [4, 5]. Lidocaine and mexiletine
are antiarrhythmic medications that appear safe and
effective in the treatment of various pain disorders,
including neuropathic pain. This article describes the use
of intravenous (IV) lidocaine and mexiletine in the
treatment of pain, headache, and TACs, such as SUNCT
and SUNA, and provides practical guidelines for their use.

Intravenous Lidocaine and Mexiletine: An Overview

Lidocaine and mexiletine are class 1B antiarrhythmic agents
and local anesthetics. Drugs in this class work by interfering
with sodium channels, depressing phase 0 and shortening the
duration of the cardiac action potential [6]. Mexiletine and
tocainide, another class 1B drug, are both lidocaine
derivatives. Phenytoin, a commonly used anticonvulsant, is
also a class 1B medication at high doses, explaining the
hypotension and arrhythmias occasionally seen with IV
phenytoin infusion [7]. Lidocaine and mexiletine have also
been used to treat seizures [8], although at toxic levels they
are more likely to cause convulsions.

In the past, clinicians routinely used lidocaine and other
antiarrhythmic agents after a myocardial infarction, hoping to
suppress ventricular arrhythmias. Clinical trials, however,
demonstrated increased mortality and risk of congestive heart
failure with the prophylactic use of class 1 antiarrhythmics,
including lidocaine, to treat non-life-threatening ectopy after a
myocardial infarction [9-12]. No class of antiarrhythmic
drugs has been proven to reduce mortality in atrial
fibrillation [13], and class 1B agents should be reserved for
severe, life-threatening arrhythmias [14]. Antiarrhythmic
agents can also have proarrhythmic effects leading to
ventricular arrhythmias that may be fatal, although they are
relatively uncommon with class 1B drugs [15].
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Lidocaine is the prototype class 1B drug, but it has
minimal oral bioavailability. Lidocaine has a rapid onset of
effect, with a half-life of 1 to 2 h. Lidocaine has hepatic
metabolism via the CYP-450 system, and levels and
toxicity may increase with potent enzyme inhibitors. (3-
Blockers, such as propranolol and metoprolol, may de-
crease clearance and increase toxicity [16]. Only 3% is
excreted unchanged in the urine, making IV lidocaine
relatively safe for patients with renal disease [17]. A
therapeutic plasma level is from 1.5 to 6.0 ug/mL, with
toxicity above 7.0 pg/mL. Common adverse events (AEs)
include dizziness, bradycardia, paresthesias, perioral numb-
ness, hypo-or hypertension, and tremor. Central nervous
system (CNS) AEs, such as convulsions and visual
disturbances (including hallucinations), usually occur with
elevated plasma levels. Lidocaine produces psychiatric
AEs, such as depression, euphoria, agitation with auditory
or visual hallucinations, or paranoid ideation, in up to 50%
of patients [18]. Allergic reactions, such as rash, are not
rare. After IV lidocaine is discontinued, it is rapidly
eliminated, with most of the drug gone in about 15 min
[19].

Mexiletine is an antiarrhythmic agent that is structurally
similar to lidocaine. Unlike lidocaine, it has a low first-pass
metabolism, with a systemic bioavailability of about 90%.
Peak drug levels occur at 2 to 3 h, and the half-life is 10 to
12 h. Mexiletine is metabolized in the liver via the CYP-
450 system, specifically CYP2D6 and CYP1A2. Hepatic
impairment, inhibitors of CYP2D6 (including duloxetine,
bupropion, fluoxetine, and citalopram), and CYP1A2
inhibitors (eg, verapamil, fluvoxamine, and ciprofloxacin)
may increase serum levels and toxicity. Mexiletine interacts
with lidocaine by displacing lidocaine from binding sites,
increasing levels and toxicity [20]. Metabolites of mexile-
tine have minimal antiarrhythmic activity [15]. As a local
anesthetic, mexiletine is a more potent analgesic than
lidocaine [21], but it is not commercially available as a
topical agent. Renal disease only slightly increases half-life,
as only 10% of the drug is renally excreted. The therapeutic
range of mexiletine is 0.5 to 2.0 pg/mL, with toxicity
occurring at levels greater than 2.0 pg/mL. Common CNS
AEs include dizziness, tremor, incoordination, visual dis-
turbances, and paresthesias. About 40% of patients experi-
ence nausea and heartburn [14, 22], and 1% to 2% of
patients have elevated hepatic transaminases.

Lidocaine and Mexiletine in the Treatment of Pain
IV lidocaine and mexiletine have been used in the treatment
of pain disorders for decades. The primary mechanism of

action for both drugs is believed to be related to blocking of
voltage-gated sodium channels [23], similar to many
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headache prophylactic medications that also alter sodium
channels. Local anesthetics may have many other actions
when given systemically, which can explain their effective-
ness in pain. Anesthetics appear to act at opioid receptors
[24] and may have synergistic effects when used with
opioids [25]. Animal models of peripheral nerve injury
suggest that the ectopic discharges that occur after injury
and are conducted along sodium channels are suppressed
with mexiletine and lidocaine, with no effect on normal
nerve conduction [26, 27]. Other proposed actions include
inhibiting pain transmission of capsaicin-sensitive afferents
[28], inhibiting substance P and bradykinin [29], acting on
glycine receptors in the spinal cord, modulating N-methyl-
D-aspartic acid receptors [30], and reducing proinflamma-
tory cytokine and complement levels [31]. In these models,
lidocaine and mexiletine appear to be effective in treating
both acute and chronic neuropathic pain [23].

Since the initial descriptions of IV lidocaine’s success in
treating pain [32], it has become more widely used. The
most common indication is neuropathic pain, for which IV
lidocaine is often effective well beyond the time of infusion
[33+]. Mexiletine and IV lidocaine appear effective in the
treatment of diabetic neuropathy, including patients who
have failed conventional treatments [34—36]. These medi-
cations appear especially useful for patients with allodynia
[37, 38]. Other proposed uses of either mexiletine or IV
lidocaine include the treatment of central pain syndrome
[39], fibromyalgia [40], erythromelalgia [41], postoperative
pain [42], and positive symptoms in multiple sclerosis [43].
Mexiletine and phenytoin are commonly used for symp-
tomatic myotonia [44]. Although IV lidocaine and mex-
iletine are closely related medications, it is unclear if
patients who respond to treatment with one agent will
invariably respond to the other. Effective treatment with IV
lidocaine, however, does appear to increase patient accep-
tance of chronic mexiletine therapy [45].

Intravenous Lidocaine and Mexiletine in Refractory
Headache

IV lidocaine is an emerging treatment for refractory
headache, but the optimal dose and length of treatment
are unclear. Burke [46] reported successful treatment with
IV lidocaine doses of 1 mg/kg after an infusion of 90
seconds. Reutens et al. [47] used 1 mg/kg for 2 min (13
patients) or a normal saline placebo (12 patients) for acute
migraine. No significant change in pain intensity or nausea
was seen at 10 or 20 min. Maciewicz et al. [48] described
effective treatment of migraine and CH using a 100-mg
injection of IV lidocaine. Jauslin et al. [49] reported that IV
lidocaine is often effective in 48 h and may be combined
with dihydroergotamine for the treatment of chronic daily
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headache. Kaube et al. [50] reported that lidocaine at a dose
of 2 mg per minute for 2 days resulted in pain freedom for
26% of their patients with chronic daily headache and at
least 50% improvement in another 42%. Williams and Stark
[51] described the use of IV lidocaine in the treatment of 71
patients with chronic daily headache (usually transformed
migraine) and medication overuse headache. The most
commonly overused medications were opioids. Subjects
received infusions of 2 mg per minute for a mean of
8.7 days, allowing 97% of patients to discontinue the
offending medication. At discharge, 90% of patients
experienced improvement, and daily headaches were
improved in 76% 1 month after discharge. Rosen et al.
[52¢] reported successful outcomes in a group of 68
patients, including two with chronic CH, using doses
ranging from 1 to 4 mg per minute for an average of
8.5 days. Most patients (82%) improved, including the two
with CH. Postacoustic neuroma headache [53] and trigem-
inal neuralgia may also respond to IV lidocaine treatment.

Scott [54] reported using mexiletine for acute headache in
a series of 10 patients. Each patient received an infusion of
0.5 to 1.0 mg/kg of lidocaine, followed by mexiletine
200 mg at the time of headache recurrence. All the lidocaine
responders improved within 1 h of the mexiletine dose. A
recent case series described nine patients with refractory
chronic daily headache, including chronic migraine and new
daily persistent headache, who responded to mexiletine at
doses ranging from 600 to 1500 mg per day. This group
included patients who had failed multiple standard headache
preventive drugs and patients both with and without previous
exposure to lidocaine. Many other patients, however, either
did not improve or experienced intolerable AEs on mex-
iletine [55¢]. This suggests that mexiletine is an alternative
preventive agent for patients who are truly refractory or for
whom IV lidocaine is not practical.

Intravenous Lidocaine in the Treatment of SUNCT
and SUNA

SUNCT and SUNA are rare TACs characterized by sudden,
short-lasting attacks, usually with a stabbing quality, lasting
5 to 240 seconds. Pain is usually localized to the ocular,
periorbital, or temporal region. SUNCT requires the
presence of both conjunctival injection and lacrimation,
with or without other unilateral autonomic symptoms.
Patients with SUNA may experience either conjunctival
injection or lacrimation and must have at least one
unilateral autonomic symptom [1]. SUNCT and SUNA
attacks may consist of single stabs of pain, groups of
stabbing pain, or continuous pain with superimposed stabs
[56]. The attacks may be episodic with remissions [57] or
chronic with no remission unless treated [56]. Interictal

pain may occur [58]. Various activities, such as shaving,
coughing, or talking, may trigger attacks but, unlike
trigeminal neuralgia, most patients do not experience a
refractory period [2]. Secondary headaches may mimic
SUNCT or SUNA. Secondary causes are usually related to
pathology in the posterior fossa or pituitary gland, such as
brainstem infarction [59], multiple sclerosis [60], arteriove-
nous malformation [61], or prolactinoma.

SUNCT or SUNA may occasionally present with status-
like exacerbations, with up to 60 attacks in an hour [4].
Occasionally, these patients will require hospitalization to
control symptoms, which may prevent them from drinking
or chewing. Because simple analgesics and opioids are
usually ineffective and most preventive medications, such
as lamotrigine, topiramate, or gabapentin, require slow
titration, IV lidocaine is an attractive option for more rapid
symptom relief.

Matharu et al. [62] described a series of four patients
with SUNCT syndrome who had failed multiple preventive
treatments but responded rapidly to treatment with IV
lidocaine using doses of 2 to 3 mg per minute. Unlike most
patients with chronic daily headache, these patients usually
experienced complete attack cessation within minutes of an
adequate dose. In a follow-up study, Cohen [63¢] reviewed
the effectiveness of different treatments in 52 patients, 43
with SUNCT and 9 with SUNA. Of the 11 patients with
SUNCT and 4 with SUNA who received IV lidocaine,
100% had a moderate to excellent effect. The patients with
SUNA remained pain-free for 2 days to 12 weeks after
infusion. Williams and Broadley [64] gave lidocaine either
as an infusion or subcutaneous injection for episodic and
chronic SUNCT or SUNA. Thirteen of the 14 patients,
including all 9 patients with chronic forms, had an excellent
result, with most patients becoming attack-free. The mean
infusion time was longer—6 days for the episodic patients
and 8 for the chronic patients. Case reports of dramatic
improvement in SUNCT and SUNA have led some to
suggest that response to lidocaine can be a diagnostic tool
in confirming the diagnosis [65].

Intravenous Lidocaine and Mexiletine: Practical
Considerations

IV lidocaine and mexiletine are relatively safe treatments
for headache, and IV lidocaine appears particularly effec-
tive in SUNCT/SUNA, suggesting an overlap with neuro-
pathic pain syndromes. Due to the lack of other effective
acute pain treatments, lidocaine may be the treatment of
choice for the most acutely disabled SUNCT or SUNA
patients. IV lidocaine is usually reserved for intractable
headache in the hospital setting. When using IV lidocaine
to treat pain, loading doses are usually not necessary.
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Obtain a baseline electrocardiogram, liver enzymes, and
electrolyte panel before starting the infusion, and correct
abnormalities such as hypokalemia.

Given that class 1B agents are relatively safe at these
lower doses, the need for cardiac monitoring in patients
with no known cardiac disease is uncertain. Some have
advocated giving lidocaine as a home infusion [66], and
oral mexiletine and phenytoin use does not require
monitoring. In our experience, continuous cardiac monitor-
ing is useful to monitor for bradycardia, tachycardia, or
hypotension. This is especially important when increasing
doses. For bothersome AEs, lower the dose and check the
lidocaine level. For CNS AEs, such as hallucinations,
discontinue the infusion for 10 to 15 min before restarting.

Mexiletine is typically started at doses of 400 to 600 mg per
day in 2 to 3 divided doses every 8 to 12 h using 200-mg
tablets. Increase daily doses as tolerated every 2 to 3 days up
to 1200 mg per day. Increase more slowly in sensitive patients
or those taking enzyme-inhibiting drugs. Mexiletine plasma
levels are useful in determining the best daily dose. The
dosing conversion from IV lidocaine to mexiletine is unclear,
but patients who tolerate IV lidocaine well can probably take a
higher mexiletine dose. Due to potential for significant
interactions, including neurotoxicity, mexiletine should not
be given to patients receiving IV lidocaine [20]. Taking
mexiletine with food may reduce the incidence of nausea or
heartburn, the most common AEs [22]. CNS AEs, such as
visual disturbances or tremor, are often signs of toxicity, and
patients should be instructed to hold the drug or reduce the
dosage. Doses should initially be taken three times daily, but
some patients can eventually dose twice daily, if they tolerate
the medication, to improve compliance. Because mexiletine
has a peak effect at 2 h, a patient who forgets a dose should
not try to make it up by doubling the next dose. Because
mexiletine has a narrow therapeutic index and may be
difficult to tolerate, the best way to use mexiletine may be as
a short-term preventive rescue drug. For patients with
SUNCT or SUNA, consider using IV lidocaine or mexiletine
on a short-term basis while initiating treatment with
lamotrigine, gabapentin, or topiramate [67¢].

Conclusions

Evidence has shown that continuous IV lidocaine infusion
and oral mexiletine are safe and effective adjunctive medi-
cations in the treatment of neuropathic pain and chronic daily
headache, including CH and medication overuse. IV lidocaine
might be most helpful in CH patients with medication overuse
or contraindications to dihydroergotamine. IV lidocaine
appears especially useful in the treatment of SUNCT and
SUNA and is a good acute treatment option for highly
disabled patients with these conditions.
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