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Abstract

Background: To collect preliminary data on the effects of mexiletine on cortical and axonal
hyperexcitability in sporadic amyotrophic lateral sclerosis (ALS) in a phase 2 double-blind
randomized controlled trial.

Methods: Twenty ALS subjects were randomized to placebo and mexiletine 300 or 600 mg daily
for 4 wk and assessed by transcranial magnetic stimulation and axonal excitability studies. The
primary endpoint was change in resting motor threshold (RMT).

Results: RMT was unchanged with 4 wk of mexiletine (combined active therapies) as compared
to placebo, which showed a significant increase (£ =.039). Reductions of motor evoked potential
(MEP) amplitude (P=.013) and accommodation half-time (£=.002), secondary outcome

measures of cortical and axonal excitability, respectively, were also evident at 4 wk on mexiletine.

Conclusions: The relative stabilization of RMT in the treated subjects was unexpected

and could be attributed to unaccounted sources of error or chance. However, a possible
alternative cause is neuromodulation preventing an increase. The change in MEP amplitude and
accommodation half-time supports the reduction of cortical and axonal hyperexcitability with
mexiletine.

Keywords

amyotrophic lateral sclerosis; axonal excitability; outcome research; randomized controlled
clinical trial; transcranial magnetic stimulation
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INTRODUCTION

Cortical and axonal hyperexcitability have been previously demonstrated in patients

with both familial amyotrophic lateral sclerosis (ALS) and sporadic ALS (SALS) using
transcranial magnetic stimulation (TMS)1- and threshold tracking nerve conduction studies
(TTNCS).56 Such hyperexcitability, also shown in vitro and in a murine model for ALS,
has been hypothesized to play a role in its pathogenesis. Cortical hyperexcitability has been
demonstrated in ALS to be heralded by reduction of short interval intracortical inhibition
(SIC1)":8 measured by TMS and associated with an adverse prognosis.’-1° In contrast,
changes in resting motor threshold (RMT) have been more variable in ALS, with some
studies suggesting a reduction of RMT in early disease and an increased threshold in later
disease stages.”"12 In conjunction with cortical hyperexcitability, increased strength duration
time constant (SDTC) and abnormalities of threshold electrotonus have also been reported
in ALS, indicating axonal hyperexcitability, and have been associated with clinical features
of ALS, including cramps, fasciculations, and split hand syndrome, as well as shorter
survival 16-20

Mexiletine, a cardiac antiarrhythmic agent and use-dependent sodium channel blocker, has
been shown to inhibit neuronal hyperexcitability both 7 vitre?! and in vivo.22 Mexiletine
has also been found recently to be safe and largely tolerable in ALS subjects and to

reduce the frequency and severity of muscle cramps,23 considered to be a manifestation of
axonal hyperexcitability of peripheral motor nerves in this disease. The study failed to show
significant effects on markers of disease progression but was not powered to do s0.23 To
assess the potential for mexiletine as a biotherapeutic in ALS, we performed an additional
randomized placebo-controlled multicenter study using mexiletine to determine its effects
on pharmacodynamic markers of cortical and axonal excitability using single and dual pulse
TMS and TTNCS, respectively.

METHODS

Standard protocol approvals, registrations, and patient consents

The study was performed at 10 member sites of the Northeast ALS clinical trials
consortium from February 2017 to September 2018. The institutional review board of
each participating site approved the study protocol and all amendments. Written informed
consent was obtained at the screening visit. The study was registered on clinicaltrials.gov
(NCT02781454). The full protocol can be accessed as an online supplemental file.

General study design

Subjects with SALS were randomized in a 1:1:1 ratio to receive for 4 wk either (a) 600
mg/day of mexiletine, (b) 300 mg/day of mexiletine, or (c) placebo divided into two doses
daily. We decided upon two dosages of the medication, 300 and 600 mg/day, based on the
previous mexiletine study which demonstrated some tolerability concerns (mostly severe
nausea) among subjects treated with 900 mg/day. The study drug and matching placebo was
manufactured by the University of lowa research pharmacy and distributed by the Clinical
Materials Services Unit of the University of Rochester. Subjects were assigned to treatment

Muscle Nerve. Author manuscript; available in PMC 2022 March 01.
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groups using a computer-generated permuted-block randomization schedule, stratified by
site, by a coordination center (Massachusetts General Hospital).

2.3 1 Subject selection criteria

Eligible subjects were 18 to 80 y old with possible, laboratory-supported probable, probable,
or definite SALS as defined by revised EI Escorial criteria,2* slow vital capacity (SVC)

of =50% of predicted value, and disease duration <60 mo from symptom onset. Given the
interest in testing effects of mexiletine on cortical and axonal hyperexcitability, subjects
had to have a resting motor threshold of less than or equal to 83% of maximum stimulator
output by TMS and a median compound muscle action potential (CMAP) of at least 1.5
mV by TTNCS. Subjects were excluded if they had a history of previous myocardial
infarction, cardiomyopathy, or cardiac arrhythmia, previous use of mexiletine, implantation
of a diaphragmatic pacer <60 days prior to the baseline study visit, or use of another
investigation medication <30 days prior to the baseline study visit. They had to be on a
stable dosage of riluzole and edaravone and any medication used to treat muscle cramps for
>60 days or have been off these medications =30 days prior to randomization.

2.41 Study procedures

Screening procedures for all ALS subjects included obtaining informed consent, collection
of demographic information, vital signs, medication review, and neurophysiological

testing (TMS and TTNCS). Procedures also included obtaining the ALS diagnostic

history, performing a physical and neurological examination, electrocardiography, hand-held
dynamometry (HHD), laboratory safety panel (blood chemistry, complete blood count,
serum pregnancy test for women of child-bearing potential, and urinalysis), administration
of the revised ALS Functional Rating Scale (ALSFRS-R) questionnaire, and seated slow
vital capacity (SVC).

Eligible subjects were assessed at a baseline visit performed within 21 days of the

screening visit, at which time the study medication was initiated, a week 4 visit when

the study medication was discontinued, and at a week 8 visit. Subjects were contacted by
telephone at week 1. Procedures at all in-person visits included recording of vital signs,
electrocardiography, assessment of adverse events (AEs), neurophysiological testing, and
assessment of muscle cramps and fasciculations. A muscle cramp was defined as a sustained
painful muscle contraction lasting seconds to minutes as distinguished from a fasciculation,
which was defined as an involuntary muscle twitch. At baseline, subjects were asked to
estimate the frequency of muscle cramps they had experienced in the previous 7 and 30
days as well as the intensity of associated pain on a visual analog scale from 0 to 10 during
those time periods. Subjects were also asked to recall the average duration (hours/day) of
fasciculations experienced during the previous 14 days, whether they occurred with exertion,
rest, or both, and the degree to which the fasciculations interfered with their daily activities
(none, minimal, or moderate) as well as any interference with sleep.

Two-day training workshops were held for all site neurophysiologists for TMS at the
Berenson-Allen Center for Noninvasive Brain Stimulation at Beth Israel Deaconess
Medical Center, Boston, and for TTNCS at the Neuromuscular Disorders clinic at Beth
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Israel Deaconess Medical Center, Boston. Prior to performing testing on ALS subjects,
neurophysiologists at all sites had to perform TMS and TTNCS on the same healthy
volunteer over a minimum of 3 separate days. These studies were reviewed remotely by
blinded TMS and TTNCS evaluators (Drs. Courtney Mcllduff and Steve Vucic, respectively)
to ensure intra-operator reliability. All TMS was performed with a figure-8 coil using

either a BiStim device (MagStim, Whitland South West Wales, UK) using Signal software
(Cambridge, UK) or a MagVenture system (Alpharetta, GA, USA). RMT was assessed by
single pulse TMS performed over the motor cortex with recording over the abductor pollicis
brevis (APB) and first dorsal interosseous (FDI) muscles (FDI as control) using an AD
Instruments Power Lab T26 amplifier and Labchart software. The side of stimulation was
determined based on assessment of strength of the APB muscles bilaterally using manual
muscle testing (MMT), with the left motor cortex stimulated and the right hand tested

if neither muscle demonstrated weakness (5/5 on the Medical Research Council scale).
Otherwise, testing was performed on an affected but only moderately weak muscle (=3/5),
stimulating from the contralateral motor cortex.

The RMT was defined as the minimum stimulus intensity required for 50% of pulses to
elicit a motor evoked potential (MEP) amplitude of at least 50 BV and was measured as a
percentage of maximal stimulus output (MSQ). Cortical inexcitability was demonstrated if
no MEP could be distinguished with a maximal stimulus intensity of 100% upon multiple
attempts. SICI was measured by dual pulse TMS with conditioned (80% of RMT) and test
pulses (120% of RMT) at an interstimulus interval of 3 ms. Paired-pulse testing consisted
of 98 pulses, divided into seven blocks of 14 pulses separated by pre-specified intervals
between 5 and 7 s. Each block contained two single pulses with stimulation amplitude
80% of RMT, four single pulses with amplitude 120% of RMT, four paired pulses for

SICI measurement (3 ms interstimulus interval), and four paired pulses for intracortical
facilitation (ICF, 15 ms interstimulus interval) measurement. SICI and ICF were each
defined as the ratio of the conditioned MEP amplitude to the unconditioned MEP amplitude.
SICI, ICF, and MEP values were log-transformed prior to analysis given right skew of their
distributions.

We report SICI~ so that higher values reflect stronger inhibition. Input-output curves were
generated by recording MEPs at varying levels of stimulation in a pseudo-randomized
fashion using 3 blocks of 30 single pulses, with each block containing three pulses at
stimulation levels 20% to 100% of MSO in 10% increments. The cortical silent period
(CSP) was induced by having patients continuously activate the APB at approximately 30%
of maximal voluntary contraction with a block of 10 single pulses delivered at 120% of

the RMT. The CSP was recorded as the duration from the end of the MEP response to the
resumption of electromyography activity. TMS raw data were analyzed blindly using custom
MATLAB software (Mathworks, Natick, MA) by a single reviewer. TMS measurements
were accepted for analysis if the overall study and individual measurements of RMT, input-
output curves, and CSP were judged of good quality by the remote blinded evaluator, and
RMT was <83% of MSO as required to perform the SICI stimulation protocol at 120% of
RMT.

Muscle Nerve. Author manuscript; available in PMC 2022 March 01.
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Axonal excitability of the median nerve was performed by stimulating with a Digitimer DS5
stimulator (Digitimer, UK) to stimulate and Viking electromyography machine for recording
of motor responses. Median CMAPs were recorded by standard motor nerve conduction
study at each site, with the side dictated by MMT as described for TMS. For both TMS

and TTNCS, Natus electrodes were used. The cathode was placed 3 cm proximal to the
distal wrist crease, and the anode was positioned 10 cm proximally along the median nerve
and then 2 cm medially. Skin temperature was maintained above 32°C. Determinations
were made of the SDTC, depolarizing threshold electrotonus 90-100 ms (TEd 90-100

ms), hyperpolarizing threshold electrotonus 90-100 ms (TEh 90-100 ms), accommodation
half-time, and parameters of recovery cycle analysis including superexcitability and late
subexcitability as well the peak CMAP amplitude using QTRACS software (Hugh Bostock,
University College London) as previously described.25-28

2,51 Outcomes

The primary outcome was RMT due to its high within-subject reproducibility compared

to other TMS parameters such as SICI.29 Secondary outcome measures included other
parameters of TMS, specifically SICI, MEP amplitude obtained stimulating at 120% and
140% of the RMT and then normalized to the peak CMAP amplitude to account for

decline in the latter as a reflection of lower motor neuron degeneration, and CSP, and the
previously described measures of TTNCS, especially SDTC given that it is thought to reflect
persistent inward sodium current.}® Additional secondary endpoints were changes in muscle
cramp frequency and intensity on a 10 point visual analogue scale and fasciculations as a
percentage of each day, as assessed by a daily diary tabulated weekly. Exploratory outcome
measures included SVC, HHD of the APB, ALSFRS-R total score, and quality of life
measured by the RAND-36 instrument.30

2.61 Sample size

Based on a report of a mean 4-wk change in RMT among 18 ALS patients of 6.2% and a
SD of 5.1% (Dr. Steve Vucic, personal communication), it was estimated that a sample size
of 60 subjects randomized 1:1:1 with up to 10% loss to follow-up would provide 80% power
to detect an effect of a given dose of mexiletine on RMT if the increase in RMT relative

to placebo was at least 5.3% based on a simple one-way ANOVA and two-sided alpha =
0.027 for each of the two active arms. This effect correlates to roughly 85% of the natural
variation in RMT over 4 wk The same sample size would provide 80% power to detect a
linear dose-response for a slope of 2.4% / 300 mg dose and an 80% probability of that the
more effective mexiletine dosage would exhibit a greater increase in RMT in our sample,
irrespective of compliance with assigned dose and thus reflecting variation in tolerance, if
the difference in efficacy were at least 1.4%.

2.71 Statistical analysis

The effect of mexiletine on RMT was estimated from a modified intention-to-treat sample
using a shared-baseline mixed model repeated-measures analysis with fixed effects of visit
(four levels including the screening visit) and treatment x post-baseline visit interaction (2
visits x 3 treatment groups = 6 levels) and unstructured covariance among repeated measures
(10 terms). Treatment-dependent differences in the 4-wk change in RMT and any sustained

Muscle Nerve. Author manuscript; available in PMC 2022 March 01.
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benefit at 8 wk were estimated using linear contrasts of the least-square means. The primary
end point was the comparison of the average change in RMT from pre-treatment to week

4 for the two active groups vs. placebo, tested using a two-tailed Wald-test at alpha =

0.05. Secondary analyses tested for effects at each dosage separately and for a linear dose
response. Correction for multiple comparisons was made for secondary analyses.

Equivalent models were used to analyze other pharmacodynamic markers obtained by

TMS and NCS and clinical measures of progression. Measures with strongly right-skewed
distributions and strictly positive values (SICI, ICF, MEP, SDTC, CMAP, and rheobase)
were log-transformed for analysis and back-transformed for reporting. Frequency of muscle
cramping was assessed using a similar generalized linear mixed model assuming that weekly
counts followed a negative binomial distribution and including subject-specific random
slopes with unstructured covariance of random intercepts and slopes. Pain from cramping
and interference from fasciculations was analyzed in similar models assuming a normal
distribution and identity link for pain and a multinomial distribution and cumulative logit
link for interference from fasciculations.

Analyses of safety included frequency of AEs compared by negative binomial regression,
proportion of subjects experiencing a given AE or serious adverse event (SAE) classified
by MedDRA system organ class or preferred term by Fisher's exact test, occurrence of
clinically significant clinical laboratory abnormalities by Fisher's exact, and trends in vital
signs and ECG parameters by linear mixed models. Subjects were analyzed according to
the treatment actually received. With a plan of 40 subjects exposed to mexiletine, the study
would have an 80% probability of observing at least one instance of any safety outcome
expected to occur in at least 4% of exposed patients, or 8% for events unique to a single
dose. The study was estimated to have 80% power to detect treatment differences in event
rates if the rates in the placebo arm were moderately frequent (20% to 50%) and mexiletine
exposure increases the odds at least six-fold.

Analyses were performed using SAS (version 9.4, SAS Institute, Cary, NC). Recognizing
the pilot nature of the study, both unadjusted comparison-wise two-tailed ~values to guide
hypothesis generation and two-tailed P-values that adjust for one primary outcome, 12
primary and secondary outcomes; 32 primary, secondary, and exploratory pharmacodynamic
outcomes; and 5 clinical outcomes for more formal hypothesis testing are reported.

RESULTS

Subjects

The flow of subjects is shown in Figure 1. Between February 2017 and July 30, 2018
subjects were screened and 20 SALS subjects consented and enrolled from 10 centers

(0-8 enrolled per site), with follow up completed by September 2018. The intended
recruitment was 60 subjects but could not be reached even with a 1-y extension of the
study. 20% of screened subjects were excluded due to cortical inexcitability. Of the 20
subjects randomized, all received the assigned study drug. One subject receiving placebo
discontinued the study drug a few days prior to the week 4 visit due to inability to swallow
the capsule but continued the study to its completion. Data from this subject is included

Muscle Nerve. Author manuscript; available in PMC 2022 March 01.
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in analyses. Baseline characteristics did not differ substantially among treatment groups

for either clinical features (Table 1) or neurophysiological parameters (Table 2). Chance
baseline differences in the distribution of El Escorial criteria and time since diagnosis are not
expected to influence neurophysiologic outcomes, but this could not be evaluated within this
study.

Safety and tolerability

AEs by MedDRA system organ class are reported in Table 3. There were no significant
differences among AEs comparing placebo with either dose of mexiletine. One SAE was
reported, a deep vein thrombosis in a subject on 600 mg/day mexiletine. Compared to
placebo, no significant differences were noted in laboratory safety studies, ECG, or vital
signs. The study medications were well tolerated at both doses. Of the 20 subjects who
initiated study drug, 1 subject on placebo did not complete the study as they had difficulty
swallowing the capsule.

Outcome measures

The changes in clinical markers of progression are summarized in Table 4. Cramp intensity
was 1.3 units lower than placebo at weeks 3 and 4 for subjects on both 300 and 600 mg/day
(P=.044 for the combined estimate). Effects on cramp frequency were not significant
either among all subjects or among those who reported at least 10 or more cramps over

the 30 days prior to baseline, but the point estimates suggested a large effect at the 600
mg/day dose (relative reductions of 56% among all subjects and 47% among those with
10+ cramps at baseline). There was no correlation between frequency of muscle cramps
(mean number per week) or duration of fasciculations (percentage of days) and parameters
of axonal excitability. Effects on fasciculations were not estimable due to limited variation
among subjects. There were no significant differences in the rates of decline for ALSFRS-R,
SVC, RAND-36, or HHD comparing placebo with mexiletine.

The change in neurophysiological parameters are shown in Figure 1 (cortical excitability)
and Figure 2 (axonal excitability) and summarized in Table 4. RMT was unchanged from
baseline to 4 wk with mexiletine (combined active therapies) as compared to placebo, which
showed a significant increase (P =.039). The power for detecting a change in RMT under
the originally assumed variance estimate and treatment difference with only 20 rather than
60 participants was 49%. Dose-dependent reduction of the MEP amplitude at 120% of the
RMT normalized to the peak CMAP was evident at 4 wk, although the association was

not significant after correction for multiple comparisons (£ =.16). There were no other
significant differences in the TMS parameters.

Accommodation halftime was significantly reduced over 4 wk with mexiletine (adjusted P
=.048).There were no other significant differences in the axonal excitability parameters
(Figure 3).

DISCUSSION

This pilot study demonstrated that mexiletine was safe and generally tolerable at both 300
mg and 600 mg per day. There were no significant differences in the number of AEs

Muscle Nerve. Author manuscript; available in PMC 2022 March 01.
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seen with either dose of study medication compared to placebo. The only SAE seen, deep
venous thrombosis in a subject on 600 mg a day that required hospitalization, is unlikely
to be attributed to mexiletine which is not known to be prothrombotic. The single subject
on placebo who discontinued study medication prematurely did so only due to difficulty
swallowing the capsule which could not be opened and swallowed due to concerns about
unblinding.

Mexiletine (combined doses) demonstrated a significant reduction of cramp intensity
compared to controls, corroborating the results of two recent randomized placebo-controlled
studies.23:31 Treatment with mexiletine 600 mg/day led to a relative reduction of cramp
frequency of more than 50%, though this was not statistically significant. Unlike the
previous studies, 2331 no comparable effect was seen with 300 mg/day, possibly due to the
small sample. There was no apparent effect on fasciculations. Studies have suggested that
both cramps and fasciculations are manifestations of axonal hyperexcitability of peripheral
motor nerves, but this report failed to show a correlation between parameters of axonal
excitability and the rate of muscle cramps or the duration of fasciculations. Mexiletine also
had no effect on clinical markers of progression, ALSFRS-R, SVC, HHD, and RAND-36,
though the study was of short duration and insufficiently powered to detect such a change.

While this was a pilot study that was substantially underpowered, the results demonstrated
limited, although significant, effects of mexiletine on the excitability of cortical motor
neurons and peripheral motor nerve axons. Combined estimates revealed that mexiletine
treatment in SALS subjects over 4 wk resulted in a relative stabilization of the RMT,

the primary outcome measure, compared with placebo which showed an increase. RMT

is thought to reflect the density of corticomotoneuronal projections as well as cortical
excitability, in part reflective of increased persistent sodium current.32:33 Previous studies
in ALS subjects have shown RMT to be increased,33:34 unchanged,3® or reduced.13:36 This
variability is believed to reflect a number of clinical factors, with reduced RMT seen at
earlier stages of disease, most notably in subjects with C9orf72 gene mutations suggesting
an additional genetic contribution,3¢ and increased RMT and eventual cortical inexcitability
seen with disease progression.12:35

Twenty percent of screened subjects in the current study exhibited cortical inexcitability,
similar to that reported in previous studies.12:37:38 Cortical inexcitability has also been
attributed to upper motor neuron degeneration.3® The relative stabilization of RMT by
mexiletine compared to the patients on placebo, who demonstrated an increase of RMT, was
not expected given the known inhibitory effects of the study medication on neuronal sodium
channels. As it was unexpected, the stabilization of RMT with treatment may be attributed
to chance, unforeseen technical considerations, or unknown medications influencing TMS.
However, this finding could also suggest a neuromodulating effect of mexiletine in ALS

on preventing an increase.12:3% Although sodium channel blockers have increased RMT in
prior studies,*0 the opposite effect in ALS could reflect a baseline cortical hyperexcitability
in which opposing depolarization block could dominate the typical reduction in inward
current.4142 Such competing mechanisms could potentially result in opposite-appearing
effects at different doses, as we observed. Indeed, such a mechanism could parallel the
hyperpolarizing shift facilitating persistent sodium current activation by the anticonvulsant
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carbamazepine, a sodium channel blocker, in the setting of decreased sodium channel beta
subunits.#3 A more comprehensive longer and larger study would be required to corroborate
the effect of mexiletine and substantiate this claim.

While no changes were noted for other secondary TMS endpoints including SICI, ICF, and
CSP, mexiletine demonstrated a numerical dose-dependent reduction of the MEP amplitude
at 120% of the RMT normalized to the peak CMAP (MEP [120%]/ peak CMAP), although
the association was not significant after correction for multiple comparisons. Increases of
MEP amplitudes have been shown in a number of studies in both SALS and familial

ALS subjects, typically early in the disease.1:1344.45 They are thought to be reflective of
cortical hyperexcitability by alterations in neurotransmitter modulation.32 The physiological
mechanisms that affect the MEP amplitude are believed to be independent of those that
affect the RMT, which may explain the discrepant findings between the two measures in this
study.32

Despite the lack of other findings by axonal excitability study, a significant decrease

of accommodation half-time was shown, even after correcting for multiple comparisons.
Accommodation half-time is a parameter derived from threshold electrotonus data and
defined as the time to the midpoint between the peak threshold reduction and the average
level at the end of the polarization.*® It is generally thought to be a measure of potassium
channel gating, with activation of slow potassium channels leading to accommodation

to depolarizing currents and reflected in a reduction of accommodation half-time.*6 As
mexiletine typically inhibits fast inactivated sodium channel, its effect on accommodation
half-time is likely spurious in nature given also that there were no alterations in other
measures of threshold electrotonus or recovery cycle analysis that reflect slow potassium
channels. A recent phase 2 single blind randomized controlled trial investigating the effects
of mexiletine in SALS subjects treated with either daily mexiletine 300 mg plus riluzole
versus daily riluzole alone for 4 mo also failed to show an effect on parameters of axonal
excitability, specifically, SDTC and latent addition.4” However, effects of mexiletine on
accommodation half-time were not reported.

There were a number of limitations to this trial. Although efforts were made to enroll a
diverse population of subjects, the recruited subjects were all Caucasian. Despite extending
the duration of the study and increasing the number of sites, the trial was substantially
under-enrolled and, thus, underpowered. There were many possible reasons for this,
including clinical use of mexiletine to control cramps, competing enrollment into other

ALS studies, concerns by potential subjects about possible discomfort in undergoing

the neurophysiological procedures, logistical issues related to performing the lengthy
procedures and transporting subject to multiple locations for the two neurophysiological
tests at some sites, and a significant number of subjects who were ineligible based on the
neurophysiological exclusion criteria. Necessitated by the challenges in recruitment, the
disease duration inclusion was relaxed from less than 24 mo to less than 60 mo, which

could have also had an effect on the markers of cortical hyperexcitability, thought to be more
prominent earlier in the disease.3® Given the small number of patients and short duration, the
study did not have power to detect a slowing of progression.
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While the effect seen on RMT, the primary objective of the study, was the opposite of
expected, possibly due to neuromodulation by mexiletine promoting stabilization, other
neurophysiological parameters do provide evidence supporting a reduction of excitability

by mexiletine of cortical motor neurons and peripheral motor nerve axons (as a surrogate
marker of spinal motor neurons). Given these findings demonstrating target engagement, a
longer and larger study using mexiletine may be warranted to determine more definitively its
effects on disease progression.
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FDI first dorsal interosseous

HHD hand-held dynamometry

ICF intracortical facilitation

MEP motor evoked potential

MMT manual muscle testing

MSO maximal stimulus output

RMT resting motor threshold

SAE serious adverse event

SALS sporadic amyotrophic lateral sclerosis
SDTC strength duration time constant

SICI short interval intracortical inhibition
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TEd 90-100 ms depolarizing threshold electrotonus 90-100 ms
TEh 90-100 ms hyperpolarizing threshold electrotonus 90-100 ms
TMS transcranial magnetic stimulation

TTNCS threshold tracking nerve conduction studies
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FIGURE 1.

CONSORT diagram. Mex = mexiletine.; RMT = resting motor threshold.; CMAP =
compound muscle action potential
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FIGURE 3.
Mexiletine treatment effects on axonal excitability of peripheral motor nerves. Plots

show treatment- and visit-specific estimates with 95% confidence bounds from a shared

baseline, mixed model repeated measures analysis for: Strength-duration time constant (A),
depolarizing threshold electrotonus, 90-100 ms (B), hyperpolarizing threshold electrotonus,
90-100 ms (C), accommodation half-time (D), superexcitability (E), and subexcitability (F)
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