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Abstract
Objectives
To report a case of adult-onset non-dystrophic myotonia complicated by recurrent episodes of
laryngospasm.

Methods
The patient is a 35-year-old man who was admitted to our hospital for recurrent episodes of
apnea requiring endotracheal intubation with mechanical ventilation. He underwent extensive
evaluation, including EMG, laryngoscopy, muscle biopsy, and genetic testing, which revealed a
diagnosis of non-dystrophic myotonia.

Results
His myotonic disorder was due to the synergistic effects of a pathogenic CLCN1 variant and a
newly reported SCN4A variant. His muscle biopsy demonstrated myofibrillar disorganization
with Z-band streaming, which may reflect the severity of his clinical and electrographic myo-
tonia. Treatment with mexiletine resulted in resolution of his episodes of laryngospasm and
symptoms of myotonia in the extremities.

Discussion
Our case adds to the literature on the potentiating effects of chloride channelopathies on
sodium channel myotonia. This is the first reported case of an adult-onset sodium channel-
opathy manifesting with respiratory failure due to laryngospasm. In addition, we present muscle
biopsy findings that have not been described in the recent literature. This case also highlights
that a myotonic disorder should be considered in the differential diagnosis for recurrent
episodes of mixed hypoxic and hypercarbic respiratory failure.

Introduction
The non-dystrophic myotonias are muscle channelopathies caused by pathogenic variants in
the skeletal muscle sodium (SCN4A) or chloride (CLCN1) channel genes.1 Classically, variants
in the SCN4A gene are associated with paramyotonia congenita and sodium channel myotonia
while variants in the CLCN1 gene are associated with myotonia congenita.1 Myotonia is
delayed relaxation of skeletal muscle, which patients experience as stiffness.1 Paramyotonia
congenita is an autosomal dominant disorder characterized by myotonia that worsens with
exercise and is typically cold induced.1 By contrast, myotonia congenita, which can have either
an autosomal dominant or a recessive mode of inheritance, presents with the warm-up phe-
nomenon, myotonia that improves with repetitive muscle activation.1 In actuality, variants in
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the genes encoding these ion channels have been shown to
result in a spectrum of clinical presentations with complex
genotype-phenotype correlations.1 Furthermore, patients
with SCN4A and CLCN1 variants can have features of both
archetypal channelopathies.2-5

Case Report
In this article, we report the case of a 35-year-old man with a
history of an elevated left hemidiaphragm, tracheal di-
verticulum, and learning disability, who was found to have
severe myotonia. He was born at 39 weeks of gestation through
forceps-assisted vaginal delivery after an uncomplicated preg-
nancy. He had feeding difficulties as an infant, with frequent
emesis and trouble gaining weight. He sat independently at
9–10 months and started to walk at 14 months. In high school,
he played basketball and ran cross-country without limitations.
He developed muscle stiffness at age 32. He described this as
leg tightness on arising and taking the first few steps, which
would gradually resolve as he walked. He also experienced grip
myotonia and reported painless muscle stiffness provoked by
cold weather. In recent years, he required recurrent hospital
admissions for respiratory failure characterized by abrupt-onset
severe hypoxia and hypercarbia from suspected laryngospasm,
which would immediately resolve on endotracheal intubation
with mechanical ventilation.

He presented to our hospital after one such apneic episode.
Laryngoscopy performed shortly after endotracheal extuba-
tion did not reveal vocal fold paralysis but did show para-
doxical vocal fold motion (Figure 1), which could be
explained by myotonia or irritation from the endotracheal
tube. On examination, he had striking percussion myotonia of
the bilateral finger extensors and grip myotonia. On con-
frontational motor testing, he demonstrated full strength in
the limbs. He also had normal bulk and tone in his limbs with
mild, symmetric hyporeflexia in the upper and lower ex-
tremities. EMG showed dense electrographic myotonia in the
6 muscles tested, including the right deltoid muscle.

A left deltoid muscle biopsy, performed while awaiting the
return of genetic testing results, revealed multiple histologic
and ultrastructural myopathic abnormalities (Figure 2). Of
interest, electron microscopy showed prominent myofibrillar
disorganization with Z-band streaming, a distinctive feature
that is not usually seen in non-dystrophic myotonias but has
been previously reported in an archival case series of patients
with severe myotonia congenita.6

There were no repeat expansions of the dystrophia myotonica
protein kinase or zinc finger protein 9 genes, and acid alpha
glucosidase enzyme activity was normal. Genetic testing using
a multigene test panel revealed that he had a pathogenic
missense variant in CLCN1 c.1478C>A and a deletion in
SCN4A c.5107_5109del of uncertain pathogenicity.

Genetic testing of his family revealed that the CLCN1 variant
was inherited from his father, who does not have clinical or
electrographic myotonia (Figure 3). The SCN4A variant was
inherited from his mother, who has subtle percussion myo-
tonia of the bilateral finger extensors and mild electrographic
myotonia (Figure 3). The patient’s younger brother is
asymptomatic and does not have either variant (Figure 3).

Our patient was treated with mexiletine 200 mg 3 times daily,
which led to the resolution of symptoms of myotonia and
allowed for tracheostomy decannulation. Correspondingly,
his clinical and electrographic myotonia also improved with
this medication. The patient was pleased with the effects of
this treatment.

Discussion
Clinical evaluation and genetic testing of our patient’s family
members shed light on the etiology of his myotonic disorder.
The patient’sCLCN1 c.1478C>A variant is a well-characterized
pathogenic alanine-to-glutamic acid substitution in exon 14
(p.Ala493Glu). Variants affecting this amino acid, which is
positioned adjacent to the chloride ion pathway, are predicted

Figure 1 Laryngoscopy Findings

(A) Bedside laryngoscopy performed shortly after endotra-
cheal extubation revealed laryngeal edema, likely due to in-
tubation, and normal abduction of the vocal folds. (B) Quiet
breathing was interrupted by episodes of inappropriate ad-
duction of the vocal folds. Prolonged laryngospasm, induced
and/or perpetuated by myotonia, was believed to be re-
sponsible for this patient’s apneic episodes and respiratory
failure.
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to cause a structural defect in the skeletal muscle chloride
channel encoded by theCLCN1 gene.7 ThisCLCN1 variant has
been seen in autosomal dominant and recessive forms of
myotonia congenita.7,8 However, in this case, this CLCN1 var-
iant is unlikely to be the primary driver of the patient’s clinical
phenotype because his father has the same CLCN1 variant but
neither clinical nor electrographic myotonia. An alternative ex-
planation is that this CLCN1 variant has variable penetrance.

The patient’s SCN4A c.5107_5109del variant has not been
previously reported in the literature. It leads to a glutamic acid
deletion in exon 24 (p.Glu1703del). This SCN4A deletion,
currently classified as a variant of uncertain significance, affects
the highly conserved C-terminal tail of the voltage-gated so-
dium channel, pathogenic variants in which have been shown
to impair fast inactivation, thereby leading to clinical and
electrical myotonia.9 Because the patient’s mother has the same
SCN4A variant and exhibits clinical and electrographic myo-
tonia, we believe that our patient’s non-dystrophic myotonia is
primarily due to his SCN4A variant. His case provides evidence
that this newly reported SCN4A variant is pathogenic. Future
laboratory expression studies of his SCN4A variant may shed
light on its mechanisms of pathogenicity.

The sodium channelopathies have been associated with re-
spiratory distress secondary to severe neonatal episodic
laryngospasm.10,11 Analogously, our patient developed re-
current episodes of apnea and laryngospasm, resulting in

respiratory failure necessitating mechanical ventilation. Res-
olution of his respiratory symptoms when he was treated with
mexiletine, such that he was able to undergo tracheostomy
decannulation, suggests that his elevated hemidiaphragm and
tracheal diverticulum are incidental and that his recurrent
episodes of laryngospasm were due to myotonia. His clinical
presentation establishes that sodium channelopathies can
cause respiratory distress secondary to laryngospasm and
vocal fold motion abnormalities in adulthood.

We suspect that our patient developed a more severe myotonic
disorder than his mother did because of additive effects from the
pathogenic CLCN1 variant he inherited from his father. Our
patient’s myotonia is characterized by the warm-up phenome-
non, which is typically associatedwithCLCN1 variants.However,
sodium and chloride channelopathies can have overlapping fea-
tures.1 Moreover, with chloride channelopathies, patients with
the same genetic variant can present with different clinical phe-
notypes.1 These variable genotype-phenotype correlations have
been attributed to genetic modifiers; incomplete penetrance; and
epigenetic, hormonal, or environmental factors.1 There are other
reports of patients with pathogenic SCN4A and CLCN1 variants
acting in combination to affect the clinical presentation.2-5 Thus,
our case adds to the growing literature on the potentiating effects
of CLCN1 variants on sodium channel myotonia.

In addition, his muscle biopsy results contribute to the limited
literature on histopathologic findings in the non-dystrophic

Figure 2 Left Deltoid Biopsy Findings

(A and B) H&E-stained cryosections
showed moderate fiber size variation
(fiber size range, 5–120 μm), mild endo-
mysial fibrosis without fatty infiltration,
and moderate increase in internal nu-
cleation without subsarcolemmal nu-
clear aggregates or nuclear chains. Small
clear irregular regions of the sarcoplasm
were notable on high magnification
(arrowheads in B). (C) The NADH-TR
stain demonstrated moderate abnor-
malities of themyofibrillar matrix, with
mini cores/moth-eaten change in type
1 muscle fibers and linearized internal
architecture in type 2muscle fibers. (D)
The esterase stain showed scattered es-
terase-positive sarcolemmal patches (ar-
rowheads). (E) Acid phosphatase stain
was unremarkable, with no enlarged ly-
sosomes or sarcoplasmic puncta (F and
G). Electron microscopy showed disrup-
tion of the myofibrillar architecture with
Z-band streaming (F) and occasional
spheroid bodies (G), but no autophagic
vacuoles, no significant increase in gly-
cogen, no mitochondrial abnormalities,
and no tubular aggregates. Scale bars:
A, C, D, and E, 50 μm; B, 25 μm; F and G,
1 μm.
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myotonias. In myotonia congenita, the severity of the clinical
phenotype can correspond to the degree of abnormalities on
muscle biopsy.6 We suspect that the striking myofibrillar
disorganization with Z-band streaming seen on electron mi-
croscopy may reflect the patient’s severe clinical and elec-
trographic myotonia.

In summary, in this case report, we describe a 35-year-old man
with severe non-dystrophic myotonia complicated by epi-
sodes of apnea and laryngospasm secondary to pathogenic
SCN4A and CLCN1 variants. For 2 years, our patient was
undiagnosed, his recurrent episodes of apnea considered idi-
opathic. His case should prompt providers to consider a
myotonic disorder among the possible causes of recurrent
mixed hypoxic and hypercarbic respiratory failure.
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Figure 3 Pedigree

The patient inherited a pathogenic variant in the CLCN1 gene from his
asymptomatic father and a variant of uncertain significance in the SCN4A
gene from his mother, who hasmilder clinical and electrographic myotonia.
The patient’s brother, niece, and nephew are unaffected.
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